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BASIC 
GOOD TASTE! 


Fiavor is important only at consumer level . .. but here it's VITAL! 


The basic good taste of your product is what will sell 
the consumer and keep her sold. 


lva ¥lavors represent the ultimate in the art and 


science of modern flavor making. 

Natural Flavors — processed from selected fruits by essence recovery distillation 
to retain all the light fugitive beauty of the fruit itself. 

Imitation Flavors —- man made flavors of the highest excellence based on sound 
research into natures favor making methods. 

Sealva Flavors — Tiny droplets of the finest quality flavors hermetically 

sealed in dry powdered form. 

Custom Flavors — If yours is a special need, we will develop a special flavor 

3 for your exclusive use at no premium in price. ; 

For basic good taste in your product, use ALVA Flavors. 


van Ameringen-Haebler va 


Division of International Flavors & Fragrances Inc. 


521 West 57th Strect New York 19, N. 
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FoR EVERY REQUIREMENT! | 


RAW MATERIALS 
FLAVOR AND SEASONING LINES 


Essential Oils 
Aromatic Chemicals Water-Soluble Compounds 
Oleoresins Oil-Soluble Compounds 


Dry-Soluble Compounds 
Spray Dried Products 


Terpeneless Oils 


Or for your product? 


Processed Meat For more than 160 years, D&O has provided 

Canned Foods fine flavoring materials and compounds in the . 
Beverages form most suited to each manufacturer's indi- 7 
Desserts 


vidual requirements. Whether you need one of 


Confectione 
ed the oldest forms of flavor, an essential oil... or 
Baked Goods 
a product of the newest processing advance, 
Frozen Food 


Dry Concentrates a spray dried compound, D&O is prepared to 


Pharmaceuticals give you immediate service and a completely 


Dairy Products satisfactory product. Consult D&O. 


you 


— 
OUR 160th YEAR OF SERVICE 


DODGE & OLCOTT, INC. DO} 


180 Varick Street, New York 14, N. Y. 
Sales Offices in Principal Cities a 2 


ESSENTIAL OILS* AROMATIC CHEMICALS: PERFUME BASES: FLAVOR BASES*DRY SOLUBLE SEASONINGS 
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You can't tell National Colors 
from Natures best! 


National Certified Food Colors capture the full beauty of 
natural fruits at their very peak of flavor. With unerring con- 


sistency, they reproduce those appetizing colors time after 
NATIONAL® CERTIFIED 


time...*‘telegraphing"’ the flavor before you actually taste it. 


FOOD COLORS 


We have helped food processors use color creatively for 
more than 50 years. With the broadest range of primary and 
secondary colors made, we can match any shade you desire. 
We'll gladly put our long experience to work for you. 


NATIONAL ANILINE DIVISION 
40 RECTOR STREET, NEW YORK 6, N. 


Atlanta Boston (Charlotte Chicago Greensboro Las Angeles 
Philodelphia Portiond, Ore Providence San Francisco 
in Conode: ALLIED CHEMICAL CANADA, LTD., 100 North Queen S?., Toronto 14 
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Prevention of bitterness Orange juice 
Effect of method of extraction of juice on the development 
of bitterness in preserved orange juice. Gi. S. Siddappa 
and B.S. Bhatia. 


Gentle extraction of the juice from Coorg oranges helps 
in avoiding the incorporation of bitter constituents which 
are present mostly in the rag and peel of the fruit. Al- 
though the yield of juice can be inereased by about 4-5% 
by heavy pressing, the resulting juice has a tendency to 
become slightly bitter. The extract of rag is intensely 
bitter, but the juice from the saes only is free from any 
bitterness. Lye treatment of the segments removes bitter- 
ness, but the yield of juice is lowered slightly. The reten- 
tion of aseorbie acid in bottled orange juice is as high as 
65-759 during a storage period of one year at ordinary 
room temperature 24-30° C. To avoid bitterness in the 
juice, the method of extraction should be such that very 
little of the rag or peel gets into the juice during extrac- 
tion. The addition of 5-6% of sugar to the juice helps to 
mask any trace of bitterness than might still get into it. 
(See page 349.) 


Effect on color, 
chlorophyll of green 
beans, broccoli 


Radiation preservation 


Effects of gamma ray irradiation on color and chlorophyll 
retention in green beans and broccoli. T. Wishnetsky, 
G. BE. Livingston, F. J. Francis, and I. 8S. Fagerson. 


Effeets of gamma radiation upon color and pigment con- 
tent of green beans and broccoli have been described. 
With a 1.86 megarad dose, a marked change in hue from 
green toward yellow took place in both vegetables. Irradi- 
ation produced a decrease in chlorophyll content and an 
increase in pheophytin. In green beans, destruction of 
chlorophyll amounted to about 40% of the amount origi- 
nally present. With broccoli, approximately 28% of the 
chlorophyll content of the non-irradiated vegetables was 
destroyed, There was little, if any, further decrease in 
the chlorophyll content of either vegetable during post- 
irradiation storage, except for samples whose pH had 
been raised, A decrease in the pheophytin content of both 
vegetables occurred during the latter part of storage. 
Green beans and broccoli were slightly greener after one 
year’s storage. Irradiation in the frozen state produced 
brighter, greener samples with a higher chlorophyll con- 
tent. Packing green beans and broccoli in brine with a 
higher pH value prevented much of the chlorophyll break- 
down and color loss. This improvement was retained to 
some extent with broccoli upon storage but not with green 
beans. Use of plain tin instead of enameled cans, under 
certain conditions, resulted in poorer color retention in 
both broccoli and green beans. However, chlorophyll con- 
tent was higher in irradiated green beans packed in plain 
tin cans. Green beans packed under vacuum or nitrogen 
showed increased chlorophyll retention and less yellowing 
than the air packed samples. The reverse was true for 
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broceoli. The combination of conditions which provided 
the greatest degree of protection against change in color 
and chlorophyll content consisted of immersion in high- 
pH brine, vacuum-packing in plain tin cans, and irradi- 
ation in the frozen state. A linear decrease in chlorophy!l! 
content of both green beans and broccoli resulted from 
increases in gamma radiation dose, over the range of 0.49 
to 7.29 megarads. (See page 352.) 


Effect on color, 
carotenoid retention 
of several vegetables 


Radiation preservation 


Effects of gamma ray irradiation on carotenoid retention 
and color of carrots, sweet potatoes, green beans and 
broccoli. R. Franceschini, F. J. Francis, G. E. Livingston, 
and I, S. Fagerson. 


This study is concerned with the retention of carotene and 
xanthophyll in green beans and broccoli; color, total 
carotenoids, and beta-carotene and xanthophyll in sweet 
potatoes; and color total carotenoids, beta-carotene, alpha- 
carotene and xanthophyll in carrots when irradiated under 
a variety of conditions. It was found that the destruction 
of carotene and xanthophyll in green beans upon irradi- 
ation ranged from 5 to 95% depending on the conditions. 
Greatest loss was found in beans packed dry in air and 
irradiated frozen, Least destruction was found in sam- 
ples packed in brine under vacuum irradiated at room 
temperature and stored at 100° F, Destruction of carotene 
and xanthophyll in broccoli ranged from 25 to 50%. The 
greatest retention was found with samples packed dry 
under nitrogen and irradiated in the frozen state. De- 
struction of carotenoids in sweet potatoes ranged from 3 
to 20%. Samples with the greatest retention were packed 
in water under vacuum and irradiated at room tempera- 
ture. Destruction of carotenoids in earrots ranged from 
zero to 56%. The samples with the greatest retention 
were packed in brine under vacuum in plain tin cans and 
irradiated in the frozen state. These conditions also re- 
sulted in the most attractive color for both earrots and 
sweet potatoes. Upon storage, there was usually an initial 


JULY COVER. The July cover shows the IFT Council 
Meeting in session in Philadelphia, May 17, 1959, at the 
Nineteenth Annual Meeting of the Institute of Food 
Technologists. Space limitations prevent listing the 
names of the 57 persons shown, but standing, left to 
right, are Arthur N. Prater, Treasurer, Aksel G. Olsen, 
President, 1958-59, Ray B. Wakefield, president 1959-60, 
and Charles S. Lawrenee, Executive Secretary. Seated, 
continuing from the right and second from Colonel Law- 
rence, is I. J. Hutchings, President-Elect, 1960-61. In 
the left-hand corner of the photograph, seated, are four 
former IFT presidents Emil M. Mrak, La Verne E. Clif 
corn, Philip K. Bates and George F. Garnatz. The photo- 
graph was provided through the courtesy of the Standard 
Photo Service Co., 2031 Chestnut St., Philadelphia. 
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To satisfy (and sell) the most particular soft drink enthusiast, you have a real edge 
with food flavors by Webb — outstanding for trueness, delicacy, uniformity and strength. 
Specialists in standard flavors and custom flavor development for over fifty years. 
Inquiries invited. Catalog on request. 


R. D. WEBB &€&coO., INC. 


MAIN OFFICE: COS COB, CONNECTICUT + BRANCHES: CHICAGO AND LOS ANGELES 
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decrease in pigment content followed by a rise and then 
a slow decline. The hues of sweet potatoes and carrots 
gradually changed towards the yellow upon storage and 
samples became darker. Temperatures of irradiation, 
headspace gas, packing media, can lining and temperature 
of storage all had a small effect on the color and carotenoid 
content of the 4 vegetables. Blanching or puréeing re- 
sulted in a mueh lower pigment content in irradiated 
sweet potatoes, (See page 358.) 


Water retention Beef muscle 
Factors affecting the water retention of beef. I. Variations 
in composition and properties among eight muscles. ©. F. 
Swift and M. D. Berman. 


Interest in identifying faetors which affect the water 
retention of meat has been much in evidence in the meats 
field. Praetieal goal of this research is the development 
of means of controlling and, when desired, enhancing the 
capacity of meat to retain water or juice. Present knowl- 
edge permits this to only a limited extent. A comparative 
study of the composition and properties of 8 different 
museles from bovine animals was conducted in an investi- 
gation of factors which influence water retention. The 
results indicate that considerable variation exists with 
respect to water retention and pH and the nitrogen, fat, 
moisture and electrolyte content of the muscles. The rela- 
tive order of the muscles of the different animals fol- 
lowed a pattern with regard to water retention, pH and 
a number of other properties. Statistically significant cor- 
relations were obtained between water retention and di- 
rectly related components, including pH, zine and fat 
content, and ratios of moisture to protein, and inversely 
related components, ineluding protein content (N% x 
6.25), and ealeium, magnesium, and potassium content. A 
direct, highly significant correlation was found between 
water retention and zine content, in contrast to the in- 
verse relation found between water retention and either 
calcium or magnesium content. This indicates that zine 
differs in an important aspect from the two other ions. 
The possibility that zine may participate in determining 
pH as a component of an enzyme system is pointed out. 
The ratio, moisture/protein content, was found to be 
directly related to water retention; hence, the results 
show that the relative ability of the muscles to hold 
added moisture was predictable on the basis of the origi- 
nal proportions of moisture and protein present. The 
analysis of factors influencing water retention is a com- 
plex problem. The present results have opened new chan- 
nels for investigation; specifically, one of these concerns 
determination of factors influencing pH, ineluding zine 
containing enzymes, and the other, the paradoxical rela- 
tion noted between protein content and water retention. 
(See page 365.) 


Method for CTC in ice 


A new fluorometric determination of chlortetracycline in 
ice. Tetuo Tomiyama and Yasuo Yone. 


Antibiotic 


Chlortetracyeline-containing ice is widely used for keep- 
ing the trawler’s catches fresh in the western sea area off 
Japan, A practical field method for determining chlor- 
tetracyeline (CTC) ineorporated in ice is required to 
establish levels of concentration, distribution, and de- 
struction of the antibiotic in the ice. A new fluorometric 
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method for determining CTC in ice or in solution is pre- 
sented. The method was established by data showing a 
linear relationship between CTC concentration and inten- 
sity of fluorescence of aluminum-CTC chelate and also 
little interference due to presence of decomposition prod- 
ucts of CTC. A fairly good agreement was obtained be- 
tween CTC values as assayed by the microbiologic method 
and the proposed fluorometric method. This method ean be 
employed for field assays of CTC concentration in ice. 
(See page 370.) 


Canning and other 
food processing plants 


Process instrumentation 


Supervisory control for the food processing plant. Car! 
W. Ohgren. 


Discussed are the results and advantages derived from 
central station supervisory control. Such control was 
applied to process instrumentation installed in a vegetable 
canning plant and in one other food processing plant. 
Quality, yield, and flexibility effects are presented. Under 
this system, one supervisory operator has the responsi- 
bility of making all decisions quickly. He can do so ae- 
curately, since at a glance, most pertinent information 
regarding the process and raw materials are at his disposal 
as they occur. Results indicate that the food technologist 
working in the processing industry could investigate, and 
profitably adapt control instrumentation with central 
station supervisory control. Petroleum refineries, chemi- 
eal plants and certain corn refining plants have used this 
type of control during the past 10 years. Comparative 
cost of installing process instrumentation with and with- 
out a supervisory control in new plants as well as the 
comparative cost of converting existing plants to super- 
visory control are presented. (See page 374.) 


Bacteriology Frozen coconut 
Bacteriological flora of frozen coconut. L. A. Nutting, 
R. A. Larson and F, W. Barber. 


Coconut-meat is sometimes marketed in the frozen state 
as a coconut-sucrose mixture (3 parts coconut, 1 part su- 
crose). Preliminary findings from primary plating of 
frozen coconut-sucrose samples on desoxycholate lactose 
agar yielded bacterial colonies characteristic of coliform 
types. The original findings were extended with additional 
taxonomic studies. Ninety-nine per cent of the positive 
reactions obtained by conventional coliform determina- 
tions on fresh coconut were false-positive reactions for 
fecal coliforms. Two reasons are evident for the occur- 
rence of these reactions: First, the presence of fermenta- 
ble carbohydrate other than lactose; second, the presence 
of lactose fermenting organisms which are not true indi- 
eators of feeal contamination. About 15% of the false 
reactions appeared to be due to organisms pathogenic for 
plants. (See page 378.) 


Preference Food combinations 


Measurement of preferences for food combinations. Jan 
Eindhoven and David R. Peryam. 


The hypothesis that preference for a food combination 
(meat and potatoes, potato and other vegetable, ete.) 
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FLAVOR No. 29718 


IT PASSED 
THIS CRUCIAL TEST 


CHOCOLATE COATED CREAMS flavored with this new taste spe- 
cialty made their debut recently at the Institute of Food Tech- 
nologists Convention. In presenting CREME DE RHUM and other 
FRITZSCHE flavors at this annual gathering of industry experts, 
we sought both professional and public reaction to our offer- 
ings. CREME DE RHUM passed this crucial test with flying colors. 
Those who tasted it in the finished goods found this finely 
balanced butter-rum combination somewhat different from 
the usual butter-like formulations and strikingly reminiscent 
of certain popular colonial delicacies. In addition to its use 
in confections for cream fondants, toffees and hard candies, 
it is also suggested for frozen desserts, puddings, Nesselrodes, 
cake icings, etc. A delicious flavor . . . we hope you'll try it! 


FRITZSCHE BROTHERS, Inc. 


A FIRST NAME IN FLAVORS SINCE 1871 


76 NINTH AVENUE NEW YORK 11, N.Y. 


Branch Offices and *Stocks: Atlanta, Ga., Boston, Mass., *Chicago, III., Cincinnati, Ohio, Greensboro, N. C., 
*Los Angeles, Cal., Philadelphia, Pa., San Francisco, Cal., St. Louis, Mo., Montreal and *Toronto, Canada; 
*Mexico, D. F. and *Buenos Aires, Argentina. Factories: Clifton, N. J. and Buenos Aires, Argentina. 
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Ex-fish man. Wallace J. Quick once chased around 
half the world for us looking for fish-liver oils. That's where 
our vitamin A came from until the late ‘40s, when we introduced 
the man-made variety to the American market. Shortly there- 
after Wally adopted a /aissez-faire policy toward fish. 

Today, as our Assistant General Sales Manager, Mr. Quick 
fools himself into believing that the food industry likes him 
for his personality rather than for the vitamin A assays, sta- 
bility tests, and snappy shipping schedules he can arrange for 
DPi customers. We don't care what he believes as long as he 
manages to utter on suitable occasions a kind word for our 
Myvax® Vitamin A Acetate or Palmitate (or, for dry products, 
Myvax Dry Vitamin A Palmitate). 

For help in vitamin A fortification of your product, write 
Wally at Distillation Products Industries, Rochester 3, N. Y. 
Sales offices: New York and Chicago ¢ W. M. Gillies, Inc., 
West Coast * Charles Albert Smith Limited, Montreal and 
Toronto. 


production of vitamin A 


Distillation Products Industries 
is @ division of Eastman Kodak Company 
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differs from the sum or weighted average of the individual 
component preferences was investigated in a pilot study. 
Questionnaires requiring ratings on how well the foods of 
a pair go together were completed by 593 military per- 
sonnel, One important variable studied was form length; 
forms containing 50 or 100 combinations were used. Three 
food classes were used for the combinations: meats, pota- 
toes, and vegetables. Results of the study indicated that 
how well main dishes and potatoes go together, and how 
well main dishes and vegetables go together, are in large 
part independent of preferences for the individual com- 
ponents. Potato-vegetable combination effects were not 
generally found, but this may have resulted from the 
specific foods paired. Differences hetween forms generally 
had little or no effect on the food combination effects. The 
investigation of combination preferences by a question- 
naire method was shown to be feasible. (See page 379.) 


Objective analysis Measurement of volatile 
reducing substances 


in coffee 


The influence of high temperature holding upon the com- 
ponents of coffee brew. II. Volatile reducing substances. 
Stanley Segall and Bernard E. Proctor. 


A reliable means of objectively evaluating coffee aroma 
and flavor has long been sought. In this study the volatile 
reducing substances content of standard coffee brew was 
determined by the method of Lang, Farber, Beck, and 
Yerman. It was found that volatile reducing substances 
were sensitive to the length of time coffee brew was held. 
The data showed that this class of compounds decreased 
rapidly on holding, even at the lower holding tempera- 
tures. It is concluded that the volatile reducing sub- 
stances content is an indication of the age and treatment 
afforded a coffee brew. It should be possible to utilize 
this factor in establishing standards for coffee brew, and 
as an objective means for supplementing organoleptic 
evaluation. (See page 383.) 


Girade, size of apple Processing of apple slices 


Relationships of apple grade and size to apple value in 
processing of apple slices. Joseph M. Johnson, Anthony 
Lopez, Charles B. Wood, and Roy E. Moser. 


A correlative study with that previously done for apple- 
sauce processing was completed for processing apple slices 
in the 1957-58 processing season. The study was designed 
to determine the effects on recovery of apple fractions and 
preparation time requirements of grade and size of fruit 
in processing of apple slices under commercial conditions. 
The present United States grades No. 1 and No. 2 and 
three experimental grades proposed by the Virginia Hor- 
ticultural Society’s Industry Advisory Committe in each 
of three size classes were studied. Estimating equations 
were derived from the experimental data by a statistical 
procedure known as differential contrast to estimate the 
recovery of peels and cores, total trim, defect trim, broken 
slices, and prepared apple slices when apples of the dif- 
ferent grades and sizes were utilized. The trimming time 
requirements for the different grades and sizes were also 
estimated. Average vields of apple fractions and trim- 
ming time requirements for the 4 plants included in the 
study are shown. These values may be used to determine 
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Introduction 

As part of a continuing study of the properties of 
distilled monoglycerides, it is of interest to know 
the solubility of water and water solutions in mix- 
tures of oil and distilled monoglycerides. 


This phenomenon has several interesting applications. 
It has been suggested, for example, that water-sol- 
uble dyes can be used to replace certain oil-soluble 
F.D.& C. colors by dissolving water solutions of the 
dyes in oil. 


So... we tried it, 
and it works. 


Conclusions 

1. Fats and oils can be colored, using water-soluble 
dyes and a monoglyceride as a solubilizing agent. 

2. Emulsions can be prepared from these oils and 
water which have an appearance quite similar to 
that obtained using oil-soluble dyes. 
The amount of coloration obtainable by this tech- 
nique is within a practical range. 


We've been trying other things too—the solubilization of various inorganic 
ionic salts in oil, the dissolving of ascorbic acid, riboflavin, nicotinic acid, 
caffeine, quinine hydrochloride, and other such physiologically active mate- 
rials. And we plan to try the solubilization in oils of such materials as sodium 
cyclamate, monosodium glutamate, amino acids, complexing agents, fungi- 
cides, and flavoring agents. 

We're ready to talk now to processors who might improve their product or 
lower costs by incorporating water-soluble materials in oils or fats. And 
should the talks bear fruit, we have the capacity to ship Myverol™ Distilled 
Monoglycerides by the tank car. Distillation Products Industries, Rochester 3, 
N. Y. Sales offices: New York and Chicago * W. M. Gillies, Inc., West Coast ¢ 
Charles Albert Smith Limited, Montreal and Toronto. 


distillers of monoglycerides _ 
made from natural 5 D |* Also... vitamin A in bulk 


: for foods and pharmaceuticals 
fats and oils 
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If you have an oxidation problem, 
our Technical Service Department will 
be happy to assist you in its solution. 

Write for new booklet on the use of 
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the relative value of the different grades and sizes of 
apples by utilizing the methods shown in the previous 
study of applesauce processing. The refining of apple 
grades indicated as being to the advantage of high quality 
large apple size producers points also to a need for a re- 
finement of our apple size classifications. The variation 
in size that oceurs within a 14 inch range in size is suffi- 
cient to materially affect both recovery of prepared 
product and preparation time requirements. A measure- 
ment of size on the basis of the number of apples per 100 
pounds of fresh fruit is suggested as an alternative to the 
present diameter size classification. (See page 385.) _ 


Enzymatic discoloration Onions 


Pinking of onions during dehydration. Thomas M. Lukes. 


During the commercial production of dehydrated onions 
one of the problems is the development of a pink pigment 
in the onion during the dehydration process. This investi- 
gation as to the causes has demonstrated it is not due to 
bacterial action. The actual course of the reaction is as 
follows: When the onion cells are reuptured, the native 
enzymes react with a substance in the juice to form a 
color developer. This then reacts non-enzymatically with 
the amino-acids in the onion to form a pink pigment. (See 
page 391.) 


Chemical analysis Carotenoid pigment 
pr 


changes 


Changes in the carotenoid pigments in preparation and 
storage of Valencia orange juice powder. A. Laurence 
Curl and Glen F. Bailey. 


A study was made of the changes in the carotenoid frae- 
tion during the preparation and storage of powdered 
Florida Valencia orange juice. The composition of the 
carotenoid mixtures from frozen single-strength and ¢on- 
centrated juices showed no signifieant differences indi- 
cating that the concentration process had little or no 
effect. In the preparation of powdered orange juice a 
minor part of the carotenoid 5,6-epoxides, which compose 
about 2, of the pigments, was isomerized to 5,8-epoxides. 
This change occurred to a much greater extent on condi- 
tioning the powder at 77° F. for 78 days. On subsequent 
storage at 100° F. for 6 months, the 5,6-epoxides practi- 
cally all disappeared and appreciable decreases were 
found in some of the non-epoxide carotenoids, which may 
be, at least in part, accounted for by trans-cis isomeriza- 
tion. Most of the apparent decrease in total carotenoid 
content, when measured colorimetrica ly at 440 me or 
spectrophotometrically for individual eonstituents can be 
accounted for by these isomerizations. No losses were 
observed in the provitamins A (eryptoxanthin and §- and 
a-carotenes) during the conditioning and aging periods. 
The composition of the carotenoid mixture from Florida 
and California Valencia orange juices was similar, though 
the total content was lower in the Florida juice. Two very 
minor components obtained from Florida juice which had 
not previously been found in California juice, were 
apparently lutein 5,6-epoxide and the corresponding 5,8- 
epoxide flavoxanthin. (See page 394.) 
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Chicken meat, 
sweet potatoes 


Storage characteristics of some irradiated foods held at 
various temperatures above freezing. I. Studies with 
chicken meat and sweet potatoes. J. J. Licciardello, 
J. T. R. Nickerson, B. E. Proetor and C L. Campbell. 


Radiation preservation 


Storage studies were run on irradiated chicken and sweet 
potatoes held at temperatures ranging from 50°F. to 
125° F. for 8 to 10 months. Products stored at 50° F. and 
at 68° F. were still regarded as acceptable after 8 to 10 
months. Deterioration in quality occurred within one 
month when samples were stored at 125° F. With irradi- 
ated chicken, shelf life was limited by: proteolytic enzyme 
action, which resulted in poor texture; non-enzymatic 
browning, which caused undesirable color changes and 
presumably imparted a bitter off-flavor; development of 
oxidative rancidity, particularly at the lower storage tem- 
peratures. Internal corrosion of the metal container 
occurred during storage of irradiated sweet potatoes. This 
produced a metallic flavor in the product and was the 
chief cause of loss of quality. Vitamin analysis for thia- 
min, riboflavin and pyridoxine indicated that the amount 
of these vitamins destroyed by a sterilizing dose of cathode 
rays was comparable to the amount destroyed by con- 
ventional methods of thermal processing. Loss of vitamins 
in irradiated samples or heat-processed samples during 
storage at similar temperatures proceeded at about the 
same rate during storage. (See page 398.) 


Pork sausage 
and scallops 


Storage characteristics of some irradiated foods held at 
various temperatures above freezing. II. Studies with 
pork sausage and scallops. J. J. Licciardello, J. T. R. 
Nickerson, B. E. Proctor, and C, L. Campbell. 


Radiation preservation 


Storage studies were carried out with irradiated pork 
sausage and scallops held for 8 to 10 months at tempera- 
tures ranging from 50° F. to 125° F. Even after 8 months’ 
storage at 50° F., irradiated pork sausage was considered 
acceptable in flavor. At storage temperatures of 68° F. 
or above, irradiated samples became unacceptable within 
2 months. Irradiated scallops were considered to be ac- 
ceptable after 10 months’ storage at 50° F. or 68° F.; how- 
ever, a marked deterioration in quality occurred within 
one month in samples held at 125° F. Non-enzymatie 
browning, which caused off-flavor and color degradation, 
played the principal role in deterioration of irradiated 
seallops during storage, but texture losses also occurred. 
In regard to irradiated pork sausage, texture change and 
associated off-flavors due to proteolytic enzyme action 
chiefly contributed to loss of quality. Color changes and 
fat oxidation also occurred. (See page 405.) 


Heat inactivation of enzyme Peroxidase 


Heat inactivation of peroxidase in HTST processed whole 
kernel corn. J. L. Vetter, A. I. Nelson, and M. P. Stein- 


berg. 
Heat inactivation of sweet corn peroxidase was studied 


under semi-commercial conditions by heating brine packed 
whole kernel corn in Number 1 cans in a pilot model end- 


over-end agitating cooker WHeat inactivated samples 
showed a tendency to regenerate activity when stored for 
72 hours at 75° F. Heat inactivation time curves for per- 
oxidase were characterized by a change in slope at about 
270° F. The heat inactivation time curve based on sam- 
ples analyzed immediately after heating showed at I’... 
value of 3.50 minutes and a Fy» value of 0.57 minutes. The 
z value of the line for temperatures below 270° F. was 
49° F.; the z value for temperatures above 270° F. was 
70° F. When samples were allowed to regenerate during 
72 hours storage at 75° F., the heat inactivation time curve 
exhibited a F. value of 7.00 minutes and F,. value of 
2.94 minutes. The z values were 70° and over 300° F. for 
temperatures below and above 270° F., respectively. It 
was found that regeneration of activity in heat inacti- 
vated peroxidase samples began immediately after heating 
and that it was more rapid and extensive in samples con- 
taining a small amount of residual enzyme activity im- 
mediately after heating than in samples showing no 
residual activity at that time. The theoretical significance 
of these results is diseussed (See page 410.) 


Spectrophotometric Tomato ketchup 
method adulterants 


A rapid spectrophotometric method for the detection and 
estimation of adulterants in tomato ketchup. Om Parkash 
Beerh and G. 8. Siddappa. 


A rapid method has been evolved for the estimation of 
lyeopene in tomato products based on the measurement of 
absorption at 503 mu using the petroleum ether extract of 
the total carotenoids. The replacement of tomato solids 
in tomato ketchup by such adulterants as carrot, ash 
gourd, pumpkin, sweet potato, papaya and apple pulps 
lowers the lycopene content of the product. On this basis 
the tomato solids content of the product has been deter- 
mined by estimating its lyeopene content. Adulterants like 
earrot pulp increase considerably the §-carotene content 
of the ketchup. There is very little loss in the lycopene 
content of tomato ketchups, genuine as well as adulter- 
ated, during a storage period of 2 months at 37°C. A 
lycopene index of 475 ug./g. of tomato solids has been 
tentatively proposed for the estimation of the extent of 
adulteration in tomato ketchup, when other fruit and 
vegetable pulps are employed as adulterants. (See page 
414.) 


Acidification 


The pH problem in canned tomatoes. S. Leonard, Rose 
Marie Pangborn, and B. S. Luh. 


Canned tomatoes 


Acidification of canned tomatoes with citric acid is sug- 
gested as a means of increasing acidity to a safer and 
more desirable level. Because additions of acid (0.1, 0.2 
and 0.3%) increased the sourness of the product, addi- 
tions of sucrose were needed for compensation. The data 
point out the variability of total acids, and pH of indi- 
vidual samples. A considerable amount of additional re- 
search on the pH problem is needed. Specifically, further 
information is needed on microbiological changes, sterili- 
zation requirements, processing procedures, drained weight 
considerations, storage stability and finally, consumer 
acceptance. (See page 418.) 
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F rorM by far the largest 
and most complex problem area in the field of food 
additives. Approximately 1,100 flavor additives and 
adjunets are now in use in food. This is probably 
about twice the number of additives in use for all 
other purposes. It would not be minimizing the diffi- 
culties facing other food additive areas to say that 
no single group of additives poses problems that are 
at once as numerous, as difficult, and as unusual as 
those of the flavor field. Here, as elsewhere, the Food 
and Drug Administration has made a good beginning 
on their unenviable task. We are confident that the 
continuing cooperation of industry and the Adminis- 
tration, and the help of independent groups such as 
the Food Protection Committee, will provide reason- 
able solutions to these problems. We will, however, 
need a resourceful and flexible approach which, with- 
out evading statutory requirements, meets the par- 
ticular needs of this situation. It would be impossible 
in a discussion of this type to do more than to illus- 
trate briefly certain of these unusual aspects of the 
flavor additive situation; and, in the time that fol- 
lows, | would like to touch on three of these topics. 


LEVELS OF USE 

The first of these is the problem of usage at levels 
which are functionally effective, but are insignificant 
from a toxicological and public health point of view. 
An interesting review of this subject entitled ‘‘A Re- 
port on Insignificant Levels of Chemicals in Food”’ 
was made by an industry advisory subcommittee to 
the Food Protection Committee in November, 1957. 
The principles set forth in this paper can be extended 
to the question of flavor additives, but the subject of 
flavor additives raises complications which go beyond 
the conclusions of the subeommittee’s report. The 
report assumes the existence of fairly detailed knowl- 
edge of the toxicology of the substance in question, 
and goes on to conclude that usage at levels far below 
the ‘‘safe’’ level may reasonably be ignored. Such de- 


tailed toxicological information simply does not exist 


on hundreds of flavor additives. Yet many of these 
same additives play an extremely important part in 
the final food product at levels of use which cannot be 
of toxicological signficance almost without regard for 
the other factors involved. | should like to support 
this statement with a few specific examples. 
First is the substance, methyl heptine carbonate. 
= CCOOCH, 


It is used principally as an important secondary 
constituent of imitation strawberry flavor to which it 
contributes a ‘‘green’’ note. Its concentration in the 
finished foods in which it is used ranges from 0.0018 


"Presented at the Symposium on Food Additives, Annual 
Meeting, Institute of Food Technologists, Belleyvue-Stratford 
Hotel, Philadelphia, May 20, 1959. 


Flavoring Agents as Food Additives ° 


Richard L. Hall 


McCormick & Company, Inc., 
Baltimore, Maryland 


part per million to 1 part per million, with a usual 
figure of around 0.1 part per million. The total na- 
tional annual intake of this material in foods and 
beverages cannot exceed 50 pounds per year. Assum- 
ing a national food consumption of 262,000,000,000 
pounds per year (4), this is a concentration in the 
total diet of 0.2 part per billion. Foods flavored with 
imitation strawberry flavor are not uncommon; but 
even in extreme cases, they could not form more than 
half the total diet, and the concentration in the diet 
of even an abnormal individual could not be more 
than a small fraction of a part per million. 

Another example is a-ionone. 

O 

CH. CH, 
> = CH-C-CHy, 


CH, 


This is used in imitation raspberry flavor at a level 

that ranges from about 0.1 to 2 parts per million, with 

an average of somewhat less than 1 part per million. 

No more than 250 pounds of this material is used in 

all foods and beverages in a year. This amounts to a 

proportion of 1 part per billion in the total diet. 
Furfuryl mercaptan 


“CHLSH 


is a critically important ingredient of imitation coffee 
flavor. This is used at a level which ranges from 0.01 
to 1 part per million. The total national usage is per- 
haps as high as 50 pounds per year. Again, the con- 
centration in the total diet is approximately 0.2 part 
per billion. 

Still another example is ethyl cinnamate, 


= CH-COOCH,CH, 


used in imitation vanilla and strawberry flavors at 
levels which range from 0.02 to 0.75 part per million. 
An estimate of total national usage for this compound 
would be 500 pounds, equivalent to 2 parts per billion 
in the overall diet. 

A final example is amyl cinnamie aldehyde dimethy! 


acetal. 
(\- "yy ( 


OCH, 


In minute quantities, it imparts a ‘‘deep green’’ note 
to certain imitation fruit flavors. Usage levels in 
finished food products range from 0.1 to 0.5 part per 
million, Total annual national consumption is about 
25 pounds per year. 
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There are many other examples of this sort; and 
these represent a large and important group of flavor 
additives. It may, at first, be argued that levels of use 
so low must necessarily imply that the ingredient 
cannot be of critical importance. This raises a num- 
ber of serious questions which cannot be answered 
easily. Character and quality in flavor do not admit 
of easy description and definition. Taste panel 
measurements are at best an approximate science—a 
tool which is a useful guide. But who is to determine 
the commercial importance of a superior flavor as 
compared to a merely adequate one? Flavor com- 
pounding is a mixture of intuition, science, experi- 
ence, and—let us be candid—hocus-pocus. But the 
factors of skill and experience are great. The question 
of whether or not a particular flavor ingredient is 
important is not a question on which the opinion of 
an untrained individual is entitled to serious con- 
sideration. Let me hasten to add that | am not an 
expert in this area, and must, therefore, rely for 
guidance on those who are. 

Most important of all, however, we should main- 
tain a sense of perspective in viewing this problem. 
The American public inhales each year perhaps 
30,000 pounds of solid air-borne pollutants and many 
times this quantity of gaseous pollutants (7, 3, 8, 9). 
We consume 400,000 pounds of pyridine, in addition 
to other interesting substances in coffee (6, 10). We 
drink about 1,500,000 pounds of fusel oil in distilled 
liquors (2, 7, 11). We also inhale about 14,000,000 
pounds of tars from tobacco (5, 7). | do not quote 
these figures in order to view them with alarm, or to 
shift concern elsewhere, but merely to call attention to 
the level of consumption of certain substances which 
we readily accept, even though their safety **‘ under 
conditions of intended use’’ is at least open to some 
question. It would be difficult to maintain that the 
full array of tests of toxicological safety should be 
brought to bear on those flavoring substances, whose 
annual usage is of the order of a thousandth to a mil- 
lionth of these other substances whose consumption 
remains without effective control. The principle of 
‘‘de minimus non curat lex’’ (the law takes no ac- 
count of triffes) has a sound basis both in law and 
common seuse. There are many food additives, in- 
cluding not a few flavoring substances, which are used 
at levels and in such volume as to demand the most 
careful serutiny. Among food additives, these must 
be the first and remain the principal concern of the 
technical and regulatory facilities of both industry 
and government. 


THE REQUIREMENT REGARDING ANALYTICAL 
METHODS 


The second area of special difficulty with flavors is 
the requirement of the Food Additives Amendment, 
spelled out in somewhat more detail in the regula- 
tions, for a practicable analytical method. This is 
generally interpreted to mean an analytical method 
capable of determining the presence of a given addi- 
tive, at least qualitatively, and preferably semi- 
quantitatively, at the maximum level of use permitted 
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in food. Applied to insecticidal residues, preserva- 
tives, emulsifiers, ete., this is a reasonable require- 
ment, justified not only, in some cases, by the potential 
dangers of overuse, but by their volume of use and 
the technical feasibility of detecting such substances 
in food. The actual application of this provision to 
flavors has not been worked out in practice, but if it 
were applied literally to all flavor ingredients, it 
would often be unrealistic and uneconomic and, in 
some cases, impossible. Modern analytical tools are 
capable of performing feats of incredible sensitivity 
and selectivity, but the development of detailed 
methods for using them for the isolation, identifica- 
tion, and quantitative measurement of a given com- 
pound poses problems which are exceedingly tedious 
and expensive to solve. The development of analyti- 
cal methods may weil exceed the cost of full-scale 
animal feeding tests. It is obvious that flavors whose 
annual usage may be a few pounds or even a few 
hundred pounds a year cannot support the economic 
consequences of these technical requirements. Find- 
ing ethyl cinnamate or a-ionone, even qualitatively, in 
the final food in the presence of many other in- 
gredients of similar structure and chemical charac- 
teristics is a technical problem of first magnitude. It 
would not seem reasonable or practicable to apply 
literally the requirements of the regulations to a food 
additive which enjoys such a low volume of use and 
at the levels mentioned, The value of the information 
supplied would not be commensurate with even a 
fraction of the cost of acquiring it. 

We sincerely hope that in establishing and applying 
procedures and criteria, we can cut the cloth to fit 
the man, and not merely to conform to a standard 
pattern. For if it were to occur, the indiscriminate 
and literal extension of the fool additive regulations 
tu substances such as we have discussed would cripple 
seriously the flavor industry. It would deprive the 
food industry of critical components and would re- 
strict severely the freedom and quality of choice now 
open to the consumer. These results would follow 
without any significant gain to public health or indi- 
vidual safety. To avoid this, both the Food and Drug 
Administration and industry must have full knowl- 
edge of the facts and complete mutual understanding. 

A further factor of considerable importance is the 
self-limiting character of many of these additives. 
Although generalizations, valid in each case, are not 
possible, most flavor ingredients cannot be used at 
levels of 10 or 100 times their normal maximum use 
without making the finished food unpalatable. This is 
a factor which does not operate in the case of many 
other types of additives, and it provides an additional 
safeguard against accidental or unintelligent use. 


FIVE SUGGESTIONS FOR DEALING WITH FLAVOR 
ADDITIVE PROBLEMS 

So far, these remarks have attempted to emphasize 
the inadvisability of applying rigidly regulations di- 
rected primarily toward additives used at moderate 
to high levels or in large total volume, or which 
present particular elements of hazard in use. In view 
of the complex and difficult job facing us all, some 
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constructively intended comment, rather than only 
warnings or objections, would be appropriate at this 
early stage of development of precedents and _ pro- 
cedures. Although the following suggestions for deal- 
ing with some of the problems raised by flavor 
additives are my own, I feel certain they would have 
support in industry : 

1) A frank recognition of the application of the 
de minimus principle where appropriate. 

2) Where circumstances require more rigorous as- 
surances of safety, the de minimus principle 
cannot be applied. In these cases, the toxicologi- 
cal data and analytical methods to be supplied 
should be no more than appropriate to the de- 
gree of potential hazard in a given case. Criteria 
of broad applicability are convenient to ad- 
minister, but they must necessarily be directed 
toward coping successfully with the most diifi- 
cult or hazardous cases. As we have seen, this 
would have a stultifying effect on an important 
segment of the industry without a corresponding 
benefit to public health. 

Every encouragement should be given to the 
development and acceptance of new, shorter, 
less tedious and expensive procedures for demon- 
strating toxicological safety, and developing 
methods of analysis. The flavor industry is in 
the peculiar position of using many critical in- 
gredients whose value is very large in terms of 
the characteristics they contribute to the final 


foods. The dollar volume sold of each additive, 
however, is so low that, in most cases, they could 
not conceivably support the animal testing and 
development of analytical methods envisaged by 
the regulations. 

Presumptive evidence of safety may be adduced 
from many sources. In the absence of unfavor- 
able evidence, and where the potential hazard is 
apparently small, such presumptive evidence 
should be sufficient. This will require general 
recognition that the so-called exempt lists and 
the regulations governing use of additives are 
not imperishable, but subject to change as new 
evidence is brought to light. 

The flavor industry, traditionally secretive, 
must recognize and assume its responsibilities. 
The Food and Drug Administration can dis- 
charge its functions and meet the needs both of 
the public and industry, only if it is supplied 
the information that can come solely from in- 
dustrial sources. 


YOUR ASSISTANCE IS NEEDED 

The flavor industry is currently beginning a de- 
tailed survey of the use of flavoring substances. We 
have obtained, through the cooperative efforts of 
dozens of manufacturers, a list of approximately 
1,100 flavor additives and adjuncts. These substances 
have been reviewed and a standard nomenclatural sys- 
tem devised. A large number of flavoring substances, 
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after preliminary review, have been recommended to 
the Food and Drug Administration for exemption 
from the provisions of the Food Additives Amend- 
ment. Many others, however, are sufficiently new or 
unfamiliar so that exemption at this time could not 
be urged. In a large number of cases, the Administra- 
tion has agreed with our recommendations, and has 
published proposals to exempt certain substances. In 
still other cases, they have asked for more information 
than was readily available. 

Flavor manufacturers and users to be surveyed. In 
our survey, which will reach all flavor manufacturers 
and flavor users in many fields, we will ask that each 
manufacturer list for each flavor ingredient the speci- 
fications he employs, the flavors in which it is used, 
the earliest proveable date of use, the degree of im- 
portance which he attaches to its use, and the usual 
and maximum concentration in parts per million of 
the additive in each of several classes of finished 
foods. We ask, also, for the volume of use by each 
manufacturer, and the submission of any available 
toxicological data. We hope, by this means, to pro- 
vide sound evidence which represents practically all 
available knowledge on these points. The information 
so compiled will be used to recommend confirmation 
or modification of the exempt lists, to support appli- 
cations for the issuance of regulations governing the 
use of non-exempt additives, and, in still other cases, 
to provide a basis on which to judge what further in- 
formation on toxicology or use may need to be de- 
veloped. It will also provide a reasonable order of 
priority, based on commercial importance and poten- 
tial hazard, if any, for dealing with these substances 
on which additional information is needed. 

The completion of this questionnaire will be an 
extremely tedious job, in which we urgently request 
the full cooperation of all manufacturers who are 
asked to participate. Its tabulation—I hardly need 
add—will be a rather awesome task in itself. We 
solicit your comments and suggestions; and since 
many of this audience will be involved, we most 
urgently hope for your assistance and cooperation. 
Only by such a broad, cooperative program, involving 
the best efforts and counsel of industry, government, 
and the public, can our problems be surmounted 
successfully. 
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A Technical Reference Card System: 


Sevenu REFERENCES (1, 5, 6) in 
the recent literature attest the need for literature 
retrieval operations in our present rapidly expanding 
field of technical references. Assistance from the 
Special Libraries Association (2) and even mechani- 
eal literature searching units may be indicated for 
the few large research organizations, but individuals 
and the many smaller groups have need for a less pre- 
tentious system of reviewing the recent literature. 
Complicated punch-card systems are available (3, 4). 
The system herewith described has proved useful in a 
research group of about a dozen members whose in- 
terests extend over several ‘‘fields’’—food technology, 
applied packaging, paper technology, wax formula- 
tions, statistical methods, ete. 


HOW IT WORKS 


Briefly, duplicated references are cut and pasted to 
3 in. x 5 in. cards having numbered holes prepunched 
around the four edges. A ‘‘ Master Card’’ like Figure 
1 for each prime or first order classification shows 


Figure 1. Typical master card. 


which of these holes should be hand-notched for 
future rapid sorting to the prime classification and 
to the secondary or subelassifications. Completed 
cards are ‘‘filed’’ without regard to sequence or posi- 


* Presented at the Northern California Seetion, Institute of 
Food Technologists, Annual Meeting, December 6, 1957. 
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Gilbert A. Pitman 


Western-Waxide ‘Division, Crown Zel- 
lerbach Corporation, San Leandro, 
California 


tion. Subsequently, in searching through completed 
cards for references on a given subject, a hat-pin-like 
needle is inserted in the numbered hole assigned to 
the subject sought and the deck of cards shaken or 
riffled to dislodge those in which this hole had been 
opened or notched. All the cards that fall pertain to 
the prime classification sought, and, if these are re- 
sorted for the sub-classifications desired, a high degree 
of selectivity results in a greatly reduced number of 
references to be searched. Further, all the references 
encountered on this subject will be immediately at 
hand. 
REQUISITES 


Requisites for such a system to assure maximum 
usefulness include : 

(a) An orderly method of recording references 

(b) A means of providing a rapid and complete 
search of all received literature on a given 
subject 

(¢) Extreme simplicity of operation 

(d) Cross referencing without multiple listing 

(e) A system that is inexpensive to operate, both as 
to time and equipment. 


No. 4135 E-Z sort cards (from E-Z Sort Systems, 45 
Second Street, San Francisco, California) were found 
well adapted to this system. They have 13 prepunched 
holes on each 3 in. edge and 27 on each 5 in. edge. By 
assigning the 26 end holes to prime classifications and 
the 54 top and bottom holes to sub-classifications we 
obtained over 1400 possible classifications, which have 
proved more than adequate. Each of the 80 holes is 
sequenvially numbered and so can be easily specified 
by the abstractor in indicating the classification and 
scope of an article. 

Master cards are prepared by first choosing the 
number of prime classifications to be included, with 
provision for expansion, and assigning one of the 
numbered holes in the 3 in. edge to each sueh elassifi- 
cation. Then a list of sub-classifications is made for 
each prime classification. Careful planning is im- 
portant in assigning sub-classification numbers, e.g. : 
similar sub-classifications appearing on several master 
ecards should be assigned the same numbers; alpha- 
betical arrangements may be of advantage; and simi- 
lar groupings and arrangements will prove a conveni- 
ence in use. The Master Card lists are then typed 
with Elite type on duplicating master sheets on which 
lines have been drawn corresponding to the holes of 
a card as in the example shown in Figure 1. When 
duplicated, these are glued to stiff stencil board, 
trimmed to size, and distributed to all participating 
personnel. 
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ABSTRACTING 


Each technical journal received is assigned to 
one or more staff members for review and abstrac- 
tion of articles that have potential interest. Dupli- 
cate abstracts are prevented by the abstractor’s 
initialing the title page of each article abstracted. An 
acceptable format for abstractions is illustrated in 
Figure 2, and can be summarized as follows: the title 
is given in caps on the first line or lines, followed by 
the authors and reference notations on the second and 
third lines. An attempt is made to restrict the texts 
to no more than fifty words, though longer texts can 
be accomplished by accordion folding or pasting on 
the reverse side of the file card. The text is followed 
by the numbers of the holes that are to be notched, the 
date, and the abstractor’s initials. 

Handwritten abstracts are collected by the steno- 
graphic group until they have enough to fill a typed 
page. A stencil or duplicating sheet is divided into 
two 44% in. columns and the abstracts typed in these 
two columns. A space is left between abstracts to 
facilitate cutting them apart for pasting on separate 
file cards. Each sheet of abstracts also carries a dis- 
tribution list. As new sub-classifications become neces- 
sary, the names and numbers thereof also appear on 
the sheet of abstracts so that all master cards will be 
complete. 


FOR RICH NATURAL COLORING oe 


TWiITCHELL’S 
POWDERED 


CARAMEL 
COLOR 


Twitchell’s Caramel! Color imparts a rich color 
to food products . . . ranging from a light 
tan to dark brown. Leading food processors 
use this natural color. It is made entirely from 
dextrose, under controlled conditions. 
TYPICAL USES 

* Powdered Desserts * Dehydrated Soups 
* Dry Cake Mixes * Bouillon Powders 

+ Powdered Coffee and other beverages 
+ Powdered Gravy Seasonings 


Ss. TWITCHELL co. 


CRESTMONT & HADDON AVES. - CAMDEN 4, N.J. 


FOOD TECHNOLOGY, JULY, 1959 


‘ MECHANISM OF GAS FLOW THRU MEMBRANES 4° 
Dr. L. W. Elder @~ 
ij Modern Packaging 17 p. 100 (2/44) 
pages and 2 excellent illustrations. 
very concise and lucid presentation 
the effects of Dalton's Law of 
Partial Pressure. G.A.P. 6/5/56 
e. 

£-Z SORT STANDARD ANALYSIS CARD 

t 


Figure 2. Typical reference card. 
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One copy of every abstract is kept in the ‘‘com- 
pany’’ file, and these cards are specially edge-colored 
to prevent their becoming mixed with personal files. 
After being pasted to the prepunched card the num- 
bered holes listed at the bottom of the abstract are 
notched or opened with a special hand punch. The 
sheets going to the personnel on the distribution list 
are usually cut to remove only those items of special 
interest to the individual, and become their personal 
property to stimulate completeness of such specialty 
files. 

It is obvious that each completed card will have at 
least one prime and one sub-classification hole notched. 
In our format this means at least one end notch and 
one top (or bottom) notch. A plurality of notches in 
either of these groups is equivalent to cross indexing. 
It is also obvious that the cards need not be filed in 
any stated sequence in the file drawer. Both of these 
features are important labor savers. 


SUMMARY 


A system is described for use by the individual or 
small research team in abstracting and retrieving 
technical references and data. Abstracts are pasted 
to prepunched cards which are hand notched to indi- 
cate the type of subject matter and to facilitate future 
retrieval operations; 1400 classifications are possible 
from one 3x 5 size card. Master cards for each prime 
classification show the positions of sub-classifications 
notches. Cards sorted with long needles permit 
notched cards being sought to drop out of the deck. 
Re-sorting results in a high degree of selectivity. 
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IFT NEWS 


“Symposium on Foods; Enzymes” 
Scheduled at Oregon State 
in September 


Related symposiums on food enzymes and molecular 
biology have been scheduled for September at Oregon 
State College with food technologists and biochemists 
from throughout the West expected to attend. 

The ‘‘Symposium on Foods: Enzymes’’ will be held 
9 and 10 with the second symposium on 
planned Septem- 


September 
‘*Perspectives in Molecular Biology 
ber 11 and 12. 

The Food Technology Department is sponsoring the 
symposium on enzymes as the first in what is expected 
to become a continuing series of conferences on im- 
portant food industry topies. Dr. Harold W. Schultz, 
head of the Food and Dairy Technology Department 
at the college, is symposium chairman. Purpose of 
the symposium is to emphasize the important role of 
enzymes in food processing, he noted, and new re- 
search developments on enzyme properties and 
actions. 

Opening highlight of the symposium will be a spe- 
cial program honoring Prof. Ernest H. Wiegand, who 
founded the nation’s first food technology department 
at Oregon State in 1919. He retired from the college 
staff in 1953 but is still active as a food industry 
consultant. 


Symposium on Molecular Biology 
also to be held in September 


The symposium on molecular biology will be the 
annual meeting of the Pacific Slope Biochemical Con- 
ference. Some 300 scientists from eight western states 
and British Columbia are expected to take part in the 
discussions. 

This symposium will highlight the important major 
trends in fundamental chemical biology. It is planned 
in part to commemorate the completion of new re- 
search laboratories at Oregon State College, which 
will be devoted to basic research in the life sciences. 

Dr. Vernon Cheldelin, director of the OSC Science 
Research Institute, will be symposium chairman. 

Hlousing in campus dormitories is being arranged 
for scientists attending the two conferences. Both 
conferences were scheduled as a part of the Oregon 
Centennial Year series of seientifie meetings spon- 
sored by Oregon State College. 
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SPACE AGE 
FLAVORS... 


Kitchen 
Taste! 


This is the day of jet-flight and dehydrated 
potatoes; atomic energy and frozen bread; 
super-sonic speed and ‘‘quicker-than-in- 
stant’ mixes for everything from soups to 
desserts. This is the threshold of the space 
age and the era of convenience foods. 
Flavors for these modern foods must be as 
dynamic as the technology of their formu- 
lation . . . as carefully designed as the 
science that developed them. Yet, these 
space-age foods must still retain that home 
cooked taste. Only a company that keeps 
thoroughly abreast of the newest develop- 
ments in food can give you this kind of 
“built for the product” flavor. Fries & Fries 
provides you with space-age flavors with 
that country kitchen taste! Let our labora- 
tories show you what dynamic flavor re- 
search means. 


RING CHE Mists 


FRIES & FRIES 


CINCIN NAT! 
VSA 


Cincinnati 110 E. 70th St. 
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New York 418 St. 


Dr. R. A. Chapman, Assistant Director, Scientific Services, 
Food and Drug Directorate, Canada, (right) receives the Inter- 
national Award for 1959, the Australian Regional Sections, 
Donor, at the Awards Banquet, 19th Annual Meeting of IFT, 
Philadelphia, May 19, 1959. Dr. Robert M. Schaffner, Vice 
President, Libby McNeill and Libby, (left) presented the award, 
an engraved silver salver. 


FUTURE MEETINGS FOR FOOD 
TECHNOLOGISTS 


June 15-Sept.4 Gordon Research Conferences, Colby Junior 
College, New London, New Hampshire 


August 19-26 10th International Refrigeration Congress, 
Copenhagen, Denmark 


August 25-28 42nd Annual Meeting of the American Die- 
tetie Association, The Statler Hilton Hotel, 
and Shrine Convention Hall, Los Angeles, 


California 


1960 
May 15-19 Twentieth Annual Meeting of the Institute 
of Food Technologists, Fairmont Hotel and 


Masonic Temple, San Francisco, California 


1961 
May 7-11 Twenty-first Annual Meeting of the Institute 
of Food Technologists, Hotel Statler, New 


York, New York 


Twenty-second Annual Meeting of the Insti- 
tute of Food Technologists, Amercana Hotel, 
Bal Harbor, Miami Beach, Florida 


An open invitation is extended to readers of FOOD TECHNOLOGY 
te send in to the Editorial Office, 11606 South Bell Avenue, Chicago 43, 
Illinois notices of annual or national tings of int tt to food 
technologists. 


(Continued on page 25 following technical section) 
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Effect of Method of Extraction of Juice on the 
Development of Bitterness in Preserved 


Orange Juice 


(Manuscript received October 31, 1958) 


Devetormenr OF BITTERNESS in 
orange juice which has been heated and preserved in 
bottles or cans by pasteurization or sterilization is a 
serious drawback in processing certain varieties of 
oranges. With the exception of Navel oranges and 
immature fruit, bitterness is not known to develop in 
commercial varieties of oranges grown in the U. 8. 
Marsh (7) has observed that Navel orange bitterness 
is reduced on Trifoliate (Poncirus trifoliata) orange 
root stock. Recently, it has also been observed by 
Australian workers that by using Trifoliate stock bit- 
terness in orange juice can be reduced (1). The 
chemistry of the bitter principle has been the subject 
of numerous investigations (2, 3, 4, 5, 6). A good re- 
view of the work on the subject is presented in a 
Handbook prepared by the U. 8S. Department of Agri- 
culture (10). Several patents have been issued on the 
debittering of Navel orange juice, one of the more 
recent being that of Rockland, Beavens and Under- 
wood (&). The bitterness in the Navel orange juice is 
mainly due to the extraction of rag, core, segment 
membranes, ete., and this can be minimized by careful 
extraction. 

In the case of the loose-jacket oranges grown in 
India, (citrus reticulata, but better known by re- 
gional names), the authors have observed that the 
juice of Assam oranges is remarkably free from bit- 
terness, whereas that of the Nagpur and Coorg man- 
darin oranges has a marked tendency to turn bitter 
on heat-processing in bottles or cans (9). To find out 
to what extent the different parts of the orange itself 
are responsible for this development of bitterness and 
to see if by suitable modification of the method of ex- 
traction of juice bitterness could be minimized—if 
not eliminated—a series of experiments was con- 
ducted. The main object was to evolve a simple de- 
vice for the extraction of juice so that it would not 
turn bitter on bottling or canning. It has, however, 
been observed by us that lye treatment of the seg- 
ments, prior to extraction of the juice, eliminates any 
tendency of the juice to turn bitter in the bottle or 
can. Further, the addition of about 5-6% sugar to 
the juice extracted by the usual method using a screw- 
type juice extractor or a hydraulic press also is of 
value in masking to some extent the bitterness in the 
heat-processed juice. The juice of Sathgudi orange 
(Citrus sinensis), which is a well-known tight skinned 
orange, is remarkably free from bitterness. 


EXPERIMENTS 


Loose-jacket Coorg oranges were used for extraction of 
juice by different methods. For the separation of the juice 


G. S. Siddappa and B. S. Bhatia 


Central Food Technological Research 
nstitute, Mysore, India 


of the inner portion of the orange from that of the outer portion 
adjacent to the peel, a simple device was adopted. It consisted 
essentially of a perforated cone fixed to the base of a shallow 
tray made of wood. A hollow cup, fitting the cone, was cut in 
another piece of wood. The cut half of the orange was placed 
in an inverted position with the juice sacs against the cone 
and the hollow cup placed on top of the orange. The orange 
was pressed between the cone and the cup. The juice from the 
central portion of the orange, which flowed down the perfora- 
tions in the cone, was collected in a receptacle placed below; 
the juice from the periphery adjoining the peel, which col- 
lected at the base of the cone, was channelled into a separate 
receptacle. The pressed juice was thus separated into two 
fractions, namely, the inner juice and the outer juice, The 
object of this separation was to see if the bitterness of the 
juice is in any way due to its contact with the peel and ad- 
mixture with peel emulsion. The inner juice would not be 
mixed with any peel emulsion, since it is drawn immediately 
into the pores of the cone the moment it is pressed from the 
juice sacs. The outer juice would naturally become mixed with 
some peel emulsion and also be in contact with the fibrous 
veins surrounding the segments. The inner and outer juices 
were in the ratio of 3:1 approximately. This, however, varies 
with the size of the cone, size of the fruit, ete. The other 
methods of extraction of juice were as follows: 


(i) After peeling the orange, the segments were separated, 
placed in a piece of folded cloth and squeezed by hand, 
and the juice collected in a flask. 


The segments were passed through a serew-type juice 
extractor and the juice collected. 


The juice saes were carefully separated by hand from 
the adhering segment cover and the juice pressed from 
them hy squeezing in a piece of cloth. 


The segments were crushed first and then pressed in cloth 
using a smai!l wooden basket press. 


The segments were dipped for 20-30 seconds in boiling 
1% eaustie soda (lye) solution, rinsed immediately with 
sprays of cold water and then pressed in eloth to get 
the juice. As a result of lye treatment, the covering of 
the segment and the fibrous veins were completely re- 
moved, leaving undamaged the juice sacs only. There 
was, however, some loss of juice through dripping and 
washing. 


After extraction of the inner and outer juices from the 
eut halves of the orange, the rag inside the cups was 
scooped out and the residual juice in it pressed in a 
cloth bag. 


The rag from juice extracted by means of a screw-type 
juice extractor was heated for about 20 minutes with 
twice its weight of water and 0.3% citric acid and the 
extract strained through a piece of muslin cloth, (This 
extract was intensely bitter in taste). 


Analytical methods. The soluble solids in the juice were 
determined by means of a refractometer and corrected to 
20° C, Acidity of the juice was expressed as anhydrous citric 
acid by titration with standard N/10 NaOH solution. Ascorbic 
acid was determined by titration of the juice in 2% metaphos- 
phorie acid solution with 2:6 dichlorophenol indophenol dye 
solution. 
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Preservation of juice. The juices were preserved by the 
overflow method by filling them into 12 oz. bottles at 80-83° C., 
closing with crown corks and pasteurizing for 25 minutes at 
80° C, The bottles were stored at ordinary room temperature 
of 24-30° C. for about one year. Any off-flavour or bitterness 
in the juice in the different lots was recorded with the help of 
a taste panel of 12 judges selected from among the members 
of the staff of the Institute. 


RESULTS AND DISCUSSION 


In Table 1 are shown data regarding yield, physico- 
chemical composition, and organoleptic quality of the 
juice obtained by different methods of extraction. 
Data regarding the quality of the different juices bot- 
tled and examined at the end of a week's storage at 
room temperature (24-30° C.) are also given in the 
table. It will be noticed that the serew-type juice ex- 
tractor gives the highest yield of juice (46.6% ), while 
the lye-peeled segments and the juice saes give only 
34-39% of the juice. Squeezing by hand and pressing 
in a basket press give almost the same yield of juice 
(42-43% ). The inner juice and outer juice together 
account for a yield of 404%. The ratio between the 
inner and outer juice is about 1:1, although it may 
vary in some cases from 1:1 to 3:1 depending upon 
size of fruit, size of the extraction cone, ete. Juice 
from lye-peeled segments has the lowest Brix. This is 
due to possible leaching out of some of the soluble 
solids in the segments during the lye-dipping and 
subsequent rinsing processes, which also are responsi- 
ble for the lower yield of juice. The slight lowering of 
the acidity is due to partial neutralization of the juice 
by the alkali, and the slight decrease in ascorbic acid 
content is due to effect of heat and the alkaline me- 
dium, both of which are detrimental to the stability of 
ascorbic acid, The inner and outer juices have almost 
the same Brix, acidity and ascorbic acid content. 
There is very little loss of ascorbic acid of the juice 
when the juice is heated to 80° C. and cooled quickly. 
As regards the taste and flavour of the juice after 
bottling and keeping for a week, there are noticeable 
differences among the different treatments. The inner 
juice had very good taste and flavour, while the outer 
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juice was almost equally good. Neither of them was 
bitter. The juice from the screw-type juice extractor 
was slightly bitter and so also the juice from the seg- 
ments which were pressed in a basket press. The lat- 
ter had a slight peculiar terpeny flavour also. The 
juice from the lye-dipped segments and also that 
from the separated juice sacs were free from any 
bitterness, but the former was slightly flat in taste. 


Examination of the Preserved Juices After Long Storage 


The different lots of bottled juice and extract were 
examined at the end of one year’s storage at ordinary 
room temperature of 24-30° C. The data for the fresh 
juices and extracts used and the data for the bottled 
products at the end of the storage period are shown 
in Table 2. In the fresh state, the inner and outer 
juice as well as their combination and also the juice 
from the serew-type juice extractor were free from 
any marked bitterness. The residual juice expressed 
from the pulp and rag was not bitter, but had a slight 
raw taste. The water extract of the rag was, however, 
very bitter. Even the jelly made from it was bitter. 


After storage, there was no bitterness in the inner 
or outer juice or their combination. The juice from 
the screw-type extractor had turned slightly bitter, 
while the residual juice squeezed from the rag was 
markedly bitter. Further, a cylindrical plug of jelly 
like mass had separated in the bottles leaving a clari- 
fied liquid around it. The rag thus contains principles 
which are responsible not only for the development of 
bitterness in the pasteurized orange juice, but also 
for its gelation and clarification during storage. The 
negligible differences observed between the inner and 
outer juices as regards bitterness may be due to the 
fact that the pressure applied in the small device 
operated by hand might not have been sufficient to 
extract from the rind substances that are responsibl 
for development of bitterness in the juice. The com- 
bined juice also was equally free from bitterness for 
the same reason. Thus, gentle extraction of the juice 
without incorporation of the extractable substances 


TABLE 1 


| 


' Bottles were examined after one week's storage at room temperature of 24—30° ©, 


Effect of method of extraction on the yield, composition and quality of Coorg orange juice 


Sample 


Method of juice extraction 


Yield of juice % 

Refractometer solids in juice 
(at 20° ©.), % 

Acidity of juice, as anhydrous 
citric acid, % 

Ascorbic acid in fresh juice, 
mg./100¢ 

Ascorbic acid in juice heated to 
175° F. and cooled quickly, 
—mg./100¢ 

Remarks (bottled juice)! 


A 


Inner juice 


Clear with 
sediment; 
not bitter ; 
a very good 


juice 


0.346 
B 


Outer juice 


19.3 
13.0 
0.69 
28.6 
26.4 
Clear with 
sediment ; 


not bitter ; 
a good juice 


0.346 
Cc 


Hand 
squeezing of 
segments in 
a cloth bag 


43.4 
13.5 
0.69 
31.0 
31.1 
Slightly 


cloudy, with 
sediment 


0.346 
D 
Screw-type 
juice 
extractor 

46.6 
12.0 

0.69 


21.1 
Cloudy with 
much sedi- 
ment; very 

slightly 

bitter 


C.346 
E 
Segments 
lye dipped 
and pressed 
by hand in 


cloth 
33.6 


8.5 
0.59 


16.5 


14.9 
Clear with 
sediment ; 
not bitter ; 
slightly flat 

in taste 


| 


| 


C346 
F 
Juice sacs 
separated 
and pressed 
by hand in 


cloth 
38.5 


11.5 
0.69 
25.7 
24.5 
Clear with 


sediment ; 
not bitter 


G 
Segments 
crushed and 
then pressed 
in a basket 


press 


42.1 
11.0 
0.62 


21.0 


21.2 
Clear with 
sediment ; 
slightly bit 

ter; peculiar 
terpeny 
flavour 
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| 
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BITTERNESS IN PRESERVED ORANGE JUICE 


TABLE 2 


Physico-chemical data for bottled Coorg orange juice, extracted by different methods, 
at the end of one year’s storage at 24-30° C. 


0.351 
Sample 


Method of juice extraction. Inner juice 


Data for fresh juice taken! 
i) Refractometer solids (at 20° C.), asseses 13.6 
Hi) Acidity as citric Acid, 0.62 
Hi) Ascorbic acid, ME./100 22.8 


iv) Taste P Not bitter 


Data for bottled juice at the end of one 
year's storage 
i) Refractometer solids (at 20° C.), %.......... 13.6 
ii) Acidity as citric acid, % 0.62 
iii) Aseorbie acid, mg./100 14.5 
iv) Retention of ascorbic acid, % 63.6 
v) Taste Not bitter 


'The juices used were taken from a different lot of oranges as distinct from those for which data are given ix 


from the rag and peel results in a juice that is free 
from bitterness. 


As regards the retention of ascorbic acid during 


one year’s storage, it is as high as 64-71% in the in- 
ner and outer juices and the combined juice. The 
retention in the juice extracted by means of a screw- 
type juice extractor is as high as 74% and the initial 
value for ascorbic acid content in this juice is also 
higher than that in the inner or outer juices. 


SUMMARY 


Gentle extraction of the juice from Coorg oranges 
helps in avoiding the incorporation of bitter con- 
stituents which are present mostly in the rag and peel 
of the fruit. Although the yield of juice ean be in- 
creased by about 4-5% by heavy pressing, the result- 
ing juice has a tendency to become slightly bitter. 
The extract of rag is intensely bitter, but the juice 
from the saes only is free from any bitterness. Lye 
treatment of the segments removes bitterness, but the 
yield of juice is lowered slightly. The retention of 
ascorbic acid in bottled orange juice is as high as 
% during a storage period of one year at ordi- 
nary room temperature of 24-30° C. To avoid bitter- 
ness in the juice, the method of extraction should be 
such that very little of the rag or peel gets into the 
juice during extraction. The addition of 5-6% of 
sugar to the juice helps to mask any trace of bitter- 
ness that might still get into it. 


65-75 


Outer juice 


0.351 C.351 
A B D 


Residual juice | Water 
squeezed from extract of 
pulp and rag rag and seed 
of expt, 0.351 

extractor and C.8351/A 


Inner juice Juice 

and outer extracted 
juice with screw 

combined type juice 


13.6 13.6 13.6 
0.60 0.60 0.60 
21.2 22.4 27.3 
determined ) 
Not bitter Not bitter Not bitter Not bitter Very bitter 
slight raw (Jelly also 
taste made from it 
was bitter) 


14.6 14.6 14.1 14.1 
0.65 0.62 0.60 0.63 
15,1 14.8 20.3 19.9 
71.2 66.1 74.4 
Not bitter Not bitter Slightly Markedly Jelly also 
made from it 
was bitter 


bitter bitter 
Cylindrical 
plug of jelly 
had separated 
in the botle 


Table 1 


Acknowledgment 


The authors are most grateful to Dr. Girdhari Lal, Assistant 


Director, and Dr. V. Subrahmanyan, Direetor of the Institute, 


for their keen interest in this investigation. 


LITERATURE CITED 


1. Annual Report of the C.S.I.R.O., Australia. Food Preser- 
vation Investigations. Summary in Food Technology in 
Australia, 5, 151 (1953). 


. CHANDLER, B. V., AND KeErrorp, J. F. The chemistry of 
bitterness in orange juice. An oxidation product of 
limonin. Austral. J. Sei., 13, 112 (1951). 

CHANDLER, B. V., AND Kervrorp, J. F. The chemistry of 
bitterness in orange juice. Il, The ketone group in 
limonin and the product of its reduction-limonol. Aus 
tral, J. Sei., 14, 24 (1951). 

. CHANDLER, B. V., AND Kerrorp, J. F. The chemistry of 
bitterness in orange juiee, ITV. Limonexie acid. Austral. 
J. Sci., 16, 28 (1953). 

EmeERsSON, O. H. The bitter principle in Navel oranges. 
Food Technol., 3, 248 (1949). 

Hiaey, R. H. The bitter constituents of Navel and Valen- 
cia oranges. J. Am. Chem. Soc., 60, 3013 (1938). 

MarsH, G. L. Bitterness in Navel orange juice. Food 
Technol., 7, 145 (1953). 

RockLAND, L. B., Beavens, E. A., AND UNpErwoop, J. C. 
U. 8S. Patent No. 2,816,835, Dee. 17, 1957. 

. Sippaprea, G.8., AND Buatia, B. 8. A comparative study of 

the composition and bitterness of loose-jacket oranges 

grown in India. J. Sei. Ind. Research, 13B, 148 (1954). 


S. Department of Agriculture. Agriculture Handbook 
Vo, 98, Washington 25, D. C. (1956). 


851 | 
— 
Item No 
1 | | 
| | 
| 
| 
4 | 
| 
| 
— | 
| 
\ 
10. 1 


Effects of Gamma Ray Irradiation on 
Color and Chlorophyll Retention in 
Green Beans and Broccol 


(Manuscript received May 31, 1958) 


Tue DESTRUCTIVE EFFECT of ion- 
izing radiations upon the color of green vegetables 
has been noted (4); however, most of the reports of 
such radiation-induced ‘‘bleaching’’ of green vege- 
tables appear to be based upon subjective visual 
observations. 

The destruction of chlorophyll in a number of 
cathode ray-irradiated green vegetables was reported 
by Niekerson et al. (8). They found that vacuum 
packing and irradiation in the frozen state were each 
effective in preventing the loss of chlorophyll due to 
irradiation. 

In the present study, the degree of chlorophyll loss 
and color change in gamma-irradiated green beans 
and broccoli was determined. Various treatments were 
evaluated for their effectiveness in minimizing chloro- 
phyll and color degradation. 


MATERIALS AND METHODS 


The various combinations of experimental conditions which 
were employed for each treatment are listed in Table 1. Ten 
cans of green beans and ten of broccoli were prepared for each 
treatment. Two cans out of the ten were used for analysis as 
soon as possible after irradiation, and two more were analyzed 
at the end of each of four subsequent storage periods. 

Packing of whole green beans and broccoli. Green beans 
(Phaseolus vulgaris), Valentine type, were cut into one-inch 
lengths with a commercial cutting machine, and blanched for 
3 minutes in vigorously boiling water. After rapid cooling, 
340 g. of beans were packed into each can. Except for the 
‘*dry’’ packs, 175 ml. of brine (1.5% NaCl) or water were 
udded to the contents of each can. The ‘‘high-pH’’ samples 
were packed with 1.5% brine to which MgCOs (1.6 g./1.) had 
been added to give a pH of approximately 10. All samples 
were packed in No. 2 cans. R-enamel cans were used except 
for those treatments in which plain tin cans were specified. 

After filling, air-packed samples were closed under atmos- 
pherie pressure. Vacuum-packed cans were sealed under 2: 
inches of vacuum using an American Can Co. Model No. 1 
Pacific Semi-Automatic Can Closing Machine. In the case of 

*Contribution No. 1156, University of Massachusetts Col- 
lege of Agriculture Experiment Station. This paper reports 
research undertaken in cooperation with the Quartermaster 
Food and Container Institute for the Armed Forces, QM R&E 
Command, U. 8. Army, and has been assigned number 923 in 
the series of papers approved for publication. The views or 
conclusions contained in this report are those of the authors. 
They are not to be construed as necessarily reflecting the views 
or endorsements of the Department of Defense. 

* Presented at. the Eighteenth Annual Meeting of the Insti- 
tute of Food Technologists, Chicago, Illinois, May 28, 1958. 

* Present address: Eastman Chemical Products, Ine., Kings- 
port, Tennessee. 

“Present address: Continental Baking Co., Rye, N. Y. 


T. Wishnetsky,° 
G. E. Livingston,’ F. J. Francis, 
and |. S. Fagerson 


Department of Food Technology, Uni- 
versity of Massachusetts, Amherst, 
Massachusetts 


nitrogen-packed cans, a vacuum of 22 inches was drawn and 
then released with nitrogen three times in succession. After 
closing, all cans were frozen in a room at —10° F. 

Broceoli (Brassica oleracea yar. italica), Midway variety, 
was prepared for irradiation in essentially the same manner as 
deseribed for green beans. The broccoli was cut longitudinally 
into seetions averaging from four to five inches in length and 
packed into C-enamel cans. With both vegetables, the can lids 
were of the same type as the body of the can. 

Irradiation of samples. All cans to be irradiated were packed 
in dry ice and shipped by air express in the frozen state to 
Argonne National Laboratory, Lemont, Lilinois. 

Cans of green beans and broccoli to be irradiated at room 
temperature were thawed just prior to irradiation. The cans 
whose contents were to be kept frozen during irradiation were 
removed at predetermined times in order to prevent thawing. 
After being cooled, these cans were re-immersed and the irradi- 
ation continued until the desired dose had been achieved. A 
dose of 1.86 megarads was given to all cans. After irradiation, 
the samples to be kept frozen were returned in dry ice by air 
express. The other samples were shipped at room temperature. 


Time and temperature of storage. Control samples, both 
irradiated and non-irradiated were stored at 0° F. All other 
samples were stored either at room temperature (ea. 75° F.) or 
at 100° F. The initial green bean color and pigment determina- 
tions were carried out 3 weeks after irradiation. Subsequent 
determinations were made after post-irradiation storage 
periods of 7, 15, 25, and 48 weeks. In the case of broccoli, the 
initial determination were performed 2 weeks after irradiation. 
Subsequent determinations were made after post-irradiation 
storage periods of 6, 16, 25, and 46 weeks. 

Sealed tube studies with puréed green beans and broccoli. 
The raw material for these studies consisted of the above men- 
tioned broecoli and green beans which were cut, blanched, 
sealed in bulk in large plastic bags, and stored at 0° F. for 11 
months prior to use. 

Each vegetable was puréed by passage through a Fitz- 
patrick Comminuting Machine (Model M.).° Following the 
addition of water, ascorbic acid solution, or buffer solution to 
each portion of purée, as described below, the material was 
deaerated. Pyrex tubes (2x10 em.) were filled with purée, 
and the tops of the tubes were drawn into capillaries. Air 
remaining in the headspace of the tubes was removed by re 
peated evacuations followed by nitrogen release, after which 
the capillaries were sealed. 

The sealed tubes were rapidly frozen, and placed in No. 2 
cans along with adequate cushioning material to prevent break- 
age. Cans were sealed and packed in dry ice for shipment to 
the Argonne National Laboratory. All samples were thawed 
just prior to irradiation and were irradiated at room tem 
perature, 

The pH values of a series of puréed green bean and broccoli 
samples were elev.ced by the addition of NaOH-KH.PO, 
buffer. After pH adjustment, tubes were filled, sealed, and 
irradiated in ths manner already described. All samples re- 
ceived a dose vf 1.86 megarads. 

Magnesium ( as MgCOs) was added to some of the puréed 


* Manufactured by the W. J. Fitzpatrick Co., 1001 W. Wash- 
ington Blvd., Chieago 7, Illinois. 
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IRRADIATION OF GREEN BEANS AND BROCCOLI 


TABLE 1 


Experimental treatments for green beans and broccoli 


Treatment No. Irrad. temp. pH 


Room temp. Normal 

Room temp. High 
Room temp. Normal 

Room temp. High 
Room temp. Normal 
Room temp. Normal 
Room temp. Normal 
Room temp. Normal 
Room temp. Normal 
Room temp. Normal 
Normal 

High 


Can lining 


Plain tin 
Plain tin 
Enameled 
Enameled 
Enameled 
Enameled 
Enameled 
Enameled 
Enameled Air 
Enameled i 
Plain tin 
Plain tin 
Enameled 
Enameled 
Enameled 
Enameled 
Enameled 
Enameled 


Packing medium 


Headspace gas | Storage temp. 


Room temp. 
Room temp. 
Room temp. 
Room temp. 
Room temp. 
Room temp. 
Room temp. 
Room temp. 
Room temp. 
Vacuum 100° F. 
Vacuum Room temp. 
Vacuum Room temp. 
Vacuum Room temp. 
Vacuum Room temp. 
Nitrogen Room temp. 
Vacuum 

Vacuum 

Nitrogen 


Vacuum 
Vacuum 
Vacuum 
Vacuum 
Nitrogen 
Vacuum 
Vacuum 
Nitrogen 


Enameled Air 


Enameled 
Enameled 
Enameled 


Non-irrad. 
control 


broceoli samples along with the buffer. Purées prepared in this 
manner contained approximately three times as much added 
magnesium as was naturally present in the chlorophyll of the 
purée. These samples also received a dose of 1.86 megarads. 

A series of green bean and broccoli purées containing the 
following levels of added ascorbic acid was prepared: 0.01%, 
0.05%, 0.10%, and 0.50%. Ascorbic acid is expressed in terms 
of per cent (by weight) in the diluted purée. All samples 
received a dose of 1.86 megarads. 

A series of replicate tubes containing green bean purée, and 
another series containing broccoli purée were prepared. Sam- 
ples of each vegetable were irradiated with the following 
doses: 0.49, 0.87, 1.96, 3.65, 5.49 and 7.29 megarads. 

Measurement of chlorophyll. Can contents were put through 
a meat grinder in order to facilitate representative sampling. 
A weighed amount (ranging from 5 to 10 g.) was transferred 
to a medium porosity fritted glass buchner (150 ml. capacity). 
Successive small volumes of 85% acetone were added to the 
funnel, stirred thoroughly with the sample, and then filtered 
with suction. Extraction was continued until color was no 
longer evident in the last volume of filtrate. Duplicate samples 
from each can were extracted in this manner. 

The extract was then re-filtered through a fine porosity 
fritted glass buchner funnel (60 ml. capacity) directly into a 
100 ml. volumetric flask, and made up to 100 ml. with 80% 
acetone. Optical density measurements were made at 663 my 
and 645 mys with a Beckman model DU quartz spectropho- 
tometer.‘ 

Caleulations were based upon specific absorption coefficients 
for chlorophyll given by Mackinney (5), using equations set 
up by Arnon (1) and modified to yield mg. chlorophyll/100 g. 
of dry material. The necessary moisture determinations were 
carried out by drying for 8 hours in a vacuum oven at 70° C. 

Measurement of chlorophyll conversion to pheophytin. Ex- 
tracts which were prepared for the determination of chloro 
phyll content were also used for pheophytin measurement. 
Optical density measurements were made at 560 my and 
535 my, as described in the method of Mackinney and Weast 
(6). 

Reflectance measurements. The surface color of green bean 
samples was measured with a Gardner Color * Difference Meter 
(formerly known as the Hunter Color and Color Difference 
Meter). The Gardner instrument was set up in the manner 
deseribed by Francis (3). 

In the ease of broccoli, samples were ground before taking 
reflectanee measurements. This was necessary because of the 
non-uniformity of the broccoli, especially between stem and 

*‘ Manufactured by Beckman Instrument, Ine., 2500 Fuller- 
ton Road, Fullerton, Calif. 

®* Manufactured by Gardner Laboratory, Inc., P. P. B. 5728, 
Bethesda 14, Md. 


Vacuum 
Vacuum 
Vacuum 


flower portions. Gardner measurements of the ground product 
were made in circular glass cells (2% in. inner diameter) 
having optical glass bottoms. 

All measurements taken with the Gardner instrument were 
made with large area illumination, except in the case of the 
sealed tube purée experiments. The small amounts of sample 
available in the purée experiments made it necessary to use 
small area illumination, and also necessitated the use of small 
Plexiglas cells (1 inch diameter) as sample holders. 

Gardner measurements of Rd, ‘‘a’’, and ‘‘b’’ were made 
using a standard porcelain tile having the following values: 
Rd = 8.8; a = —0.6; b = +19.7. The ecaleulated tan“a/b (2) 
value was used as an index of hue, while (a* + b*)*” served as 
& measure of chroma. Brightness was indicated by the Rd 
value. 

pH measurements. The pH value of all samples were meas- 
ured with a Beckman model G pH meter. 

Statistical analysis. Significance of differences between 
treatments was tested hy the analysis of variance, using the 
1% level of significance." 


RESULTS AND DISCUSSION 


Overall effects of irradiation and storage. Gamma- 
irradiation of green beans in cans with a 1.86 megarad 
dose resulted in approximately 40% destruction of 
the original chlorophyll content, while with broccoli, 
the destruction amounted to approximately 28%. 
The degree of destruction varied widely, depending 
upon the particular treatment. The figures given 
above are averages for treatments 1-20 (listed in 
Table 1) for each vegetable at the time of the first 
analysis after irradiation. During storage after ir- 
radiation there was little further decrease in chloro- 
phyll content of either vegetable (Table 2). 

Both broccoli and green beans became markedly 
yellower as a result of irradiation. In the case of 
green beans, post-irradiation storage produced a sig- 
nificant hue change in the direction of a greener color. 
Though statistically significant, the improverment in 
hue during storage was of much smaller magnitude 
than the hue change which took place during irradi- 
ation. Broccoli also shifted in hue toward the green 


"In the interests of brevity, the tables of analyses of 
variance have been omitted. They will be supplied by the 
authors upon request. 
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TABLE 2 


Effect of irradiation temperature upon chlorophyll content and 
hue of green beans and broccoli stored at room temperature 


Chlorophyll Hue 
Post-irradiation 
Storage weeks | Irrad. room Irrad. Irrad. room Irrad 
temp. frozen temp. frozen 
Green Beans 
Before irradiation. 130? —28.1 —28.1 
77 91 —2.0 
79 90 —7.5 
12.. 78 95 40 70 
24.. 74 a2 5.0 6.9 
77 a6 —9.8 
Broccoli 
Before irradiation. 155 155 22.4 22.4 
2 116 133 7.46 
120 127 —4.9 —6.1 
117 126 —5.7 
102 112 —3.2 —5.4 
105 124 —6.5 —9.7 


' Each datum was obtained from an average of analyses on each of 
20 cans, 2 for each treatment described in Table 1. 


during the latter part of storage, but this was pre- 
ceded by a change toward the yellow during earlier 
stages of storage (Table 3). 

Both vegetables showed slight decreases in chroma 
as a result of irradiation. During storage, the 
chromas of many of the samples changed significantly 
between storage periods, but the changes were too 
erratic to indicate a definite trend. The overall effect 
of storage for most treatments was a slight increase 
in chroma. 

An increase in pheophytin content resulted from 
irradiation of both green beans and broccoli. Com- 
paratively low pheophytin values at the time of the 
initial analysis were noted only in the high-pH group 
of samples. During storage, most samples showed an 
inerease in pheophytin content for a period of time 
followed by a decrease during the latter part of stor- 
age. The decrease in pheophytin content would seem 
to indieate that pheophytin, produced by the degrada- 
tion of chlorophyll, was itself being broken down. It 
should be pointed out, however, that many of the eal- 
culated pheophytin values for both vegetables were 
over 100%. The most probable explanation for such 


TABLE 3 


Effect of pH adjustment upon chlorophyll retention and hue in 
gamma-irradiated green beans and broccoli 
stored at room temperature 


Chlorophyll Hue 


Post-irradiation 
Storage weeks 


Nov-mal pH High pH | Normal pH | High pH 


(mg./100 g.\(mg./100 g. tan-a/b | tan-ta/b 


Green Beans dry wt.) dry wt.) 
Before irradiation........ 1301 130 —28.1 —22.1 
a7 102 —20.0 
82 82 —3.9 —7.5 
90 85 —4.9 —6.0 
82 77 —5.3 —6.2 
48.. 83 77 —7.5 

Broccoli 

Before irradiation........ 155 155 —22.4 —22.4 
118 146 —7.9 —23.8 
118 182 —5.3 —12.0 
116 133 —4.6 —9.4 
112 109 —4.0 —7.6 
107 123 —9.8 —13.6 


1Kach datum was obtained from an average of analyses on each of 
8 cans, 2 for each of treatments 1 to 4 and 11 to 14 of Table 1. 
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high values is that one or more interfering substances 
were present in the pigment extracts, and contributed 
to the total absorption at the wavelengths used for 
pheophytin measurement. 

Effect of pH adjustment. Raising the pH of the 
brine in which broccoli and green beans were packed 
prevented much of the chlorophyll destruction and 
loss of green color that took place during irradiation 
of samples packed in normal-pH brine. However, 
during post-irradiation storage of both vegetables. 
greater chlorophyll destruction and loss of greenness 
occurred in the high-pH group of samples than in the 
group to which no alkalizing agent had been added. 
In spite of the greater destruction, the broccoli sam- 
ples with high pH values were significantly greener 
and higher in chlorophyll content than their normal 
pH counterparts, although the magnitude of the dif- 
ference between the 2 groups was diminished with 
increasing storage time (Table 4). The chlorophy!! 
content of green beans, by the end of the seventh week 
of storage, was no greater in the high-pH samples 
than in those packed at normal-pH. During con 
tinued storage, the chlorophyll content of the high-pH 
group was even lower than that of the samples packed 
with normal-pH brine. The initial difference between 
the tan''a’b values of green beans packed with and 
without added alkalizing agent had largely dis 
appeared by the seventh week of storage. Although 
the high-pH samples were greener throughout stor- 
age, the difference in hue was not significant during 
much of the latter part of storage (Table 4). 

Just after irradiation and during the early part of 
storage, the high-pH groups of broccoli and green 
bean samples were lower in pheophytin than were the 
corresponding normal-pH groups. During the latter 
part of storage, neither of the vegetables exhibited a 
significant difference in pheophytin due to the use of 
high-pH brine. 

High-pH broccoli samples were brighter than were 
the samples in the normal-pH group, but brightness 
of irradiated green beans was not altered by pli 
adjustment. There was no significant effect of pH ad- 
justment on the chroma of broccoli samples, but some 
of the green bean samples whose pH had been raised 
were significantly higher in chroma. 

During the storage of irradiated green beans, the 
pH of samples with added alkalizing agent decreased 
from pH 7.2 to pH 5.5, while the normal-pH group 
dropped from pH 5.9 to pH 5.3. Broccoli samples 
with added alkalizing agent decreased in pH from an 
initial value of pH 7.1 to pH 5.9 by the end of stor- 
age, while normal-pH broccoli samples showed a pli 
decrease from pH 6.0 to pI 5.4. With both vege- 
tables, the rate of decrease in pH was highest during 
the early part of storage. 

Since the precipitous drop in chlorophyll content 
and the sharp change in hue of high-pH samples 
shortly after irradiation was accompanied by a rela- 
tively large decrease in pH, the relationship between 
pH, color and chlorophyll content was explored fur- 
ther in experiments using purées. Data are shown in 
Table 4 for chlorophyll content and color of irradi- 
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IRRADIATION OF GREEN BEANS AND BROCCOLI 


TABLE 4 


Effect of pH upon chlorophyll retention and color of irradiated 
green bean and broccoli purées' 


Chloro- Color measurements 
phyll? 
Before After (mg. /100 g. Rd tan-'a/b| (a? + 
irradiation irradiation dry) 
Green Bean 
Purée 
6.08% 


19.6 
16.2 
17.1 
16.8 
16.7 
16.4 
14.4 
14.4 
13.7 
13.7 
—1! 13.8 
2 2. 14.0 


+ 


' All samples receieved a gamma radiation dose of 1.86 megarads. 

2 Each chlorophyll value represents the average of duplicate determi 
nations 

* Non irradiated control 

‘Magnesium (as Mg('Os) added in addition to buffer during prepa 


ration of these purées 


ated broccoli and green bean purées, buffered at 
various pH levels. In general, the beneficial effect of 
pH adjustment upon chlorophyll retention previously 
noted with the eut vegetables was not reproduced 
among the irradiated purée samples. 

At most of the elevated pH levels, purée samples 
were somewhat greener than controls which had been 
irradiated without prior pH adjustment. The im- 
provement in hue of broccoli purée was most pro- 
nounced at pH 6.6 and pI 6.8, while with green bean 
purée, pI 7.6 and pH 8.2 gave the greenest color. 

Effect of added magnesium. The addition of mag- 
nesium (as MgCO,) to broccoli purée had no effeet on 
chlorophyll retention, brightness, or chroma, as shown 
by the data in Table 4. Hue was slightly greener in 
samples without the added magnesium. 

Effect of temperature of product during irradi- 
ation. When kept frozen during irradiation, both 
green beans and broccoli exhibited significantly 
greater chlorophyll retention and were significantly 
greener than when irradiated while unfrozen, as 
shown in Table 2. There were only a few treatments 
(e.g.—the air-packed green bean samples, treatments 
No. 9 and No. 19) where the effect was not significant. 
Irradiation in the frozen state tended to result in 
increased brightness of both vegetables. The chroma 
of broccoli samples which were irradiated while 
frozen was generally higher than that of the compara- 
ble room temperature-irradiated group, but in green 
beans the effect on chroma tended to be in the oppo- 
site direction. The pheophytin content of green beans 
which were irradiated while frozen was usually 
higher than in the samples irradiated at room tem- 
perature. With a majority of the broccoli samples, 
however, there was no significant effect of irradiation 
temperature on pheophytin content. 


Effect of headspace gas. (ireen beans which were 
packed dry with air as the headspace gas showed 
significantly lower chlorophyll retention than the 
comparable nitrogen- and vacuum-packed samples 
(Table 5). With broccoli, however, irradiation and 
storage of air-packed samples resulted in significantly 
greater chlorophyll retention than did nitrogen- or 
vacuum-packing. 

When compared with nitrogen-packed samples, the 
use of air as the headspace gas produced a greener 
hue in the case of broccoli, and had the opposite effect 
on the hue of green beans. There was no significant 
difference in hue between the air-packed and vacuum- 
packed groups of either vegetable. 

Use of air, as compared with nitrogen or vacuum 
produeed significantly brighter green beans but in 
the ease of broccoli tended to result in a darker 
product. Chroma of air-packed broccoli was signifi- 
cantly lower but the effect on chroma of green beans 
varied considerably depending upon the partieular 
treatment. 

The pheophytin content of both vegetables was 
significantly lower as a result of air-packing. 

A comparison of samples packed dry under vacuum 
or nitrogen (Table 5) showed that vacuum-packing 
of broccoli generally resulted in a greener product, 
while the opposite effect was noted in most of the 
green bean samples. The other significant differences 
which were observed in green beans in some instances 
were higher chlorophyll, pheophytin and chroma 
values in the vacuum-packed groups. The substitu- 
tion of nitrogen for vacuum in the headspace of sam- 
ples packed in brine did not introduce any major 
differences (Tables 6 and 7). Vacuum packing of 
broccoli resulted in slightly greener hues, but the 
green beans were yellower when irradiated at room 
temperature and much greener when irradiated 
frozen. 

Effect of added ascorbic acid. Although there was 
some indication of increased chlorophyll retention in 
irradiated green bean and broccoli purées to which 


TABLE 5 


The color and chlorophyll content of green beans and broccoli 
packed dry in enameled cans and stored at room 
temperature for twelve months 


[rrad. at room temp Irrad. frozen 


Vacuum Nitrogen Air Vacuum Nitrogen 


Green Beans 
Chlorophyll, 
(mg./100 g.) 
Reflectance 
(Rd) 
Hue 
(tan-'a/b) 
Chroma 
(a2 + b2)1/2 
Broccoli 
Chlorophyll, 
(mg./100 ¢g.) 
Reflectance 
(Rd) 9.6 
Hue 
(tan-'a/b) 2 5.2 
Chroma 


(a? + b*)'/2 16.7 16.8 15.8 17.1 17.3 


'Kach datum was obtained from an average of 10 cans, Le., 
ach of 5 storage periods 


| 
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8.2 8.0 54 44 —21.7 11.1 
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6.0 
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12.5 10.6 12.2 
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TABLE 6 


The color and chlorophyll content of green beans and broccoli 
packed under vacuum in enameled cans and stored at 
room temperature for twelve months 


Irrad. at room 


Irrad. frozen 
temp. 


Brine Water Brine | Water 

Cireen Beans 
Chiorophyll (mg./100 ¢.).......... 761 a0 102 
Reflectance (Rd) 7.0 7.0 
Hue (tan~'a/b) —44 
Chroma (a* + b*)'/*................. ‘ 11.6 114 

Broccoli | 
Chlorophyll (mg./109 g.) 109 | 
Reflectance (Rd) sil 11.2 11.1 
Hue (tan-'a/b) 5. —3.6 
Chroma (a*® + b*®)'/* 16.9 


1 Each datum was obtained from an average of 10 cans, ie. 2 
each of 5 storage periods. 


| 


18.2 


TABLE 7 


The color and chlorophyll content of green beans and broccoli 
packed in brine and stored at room temperature 
for twelve months 


Plain tin cans Enameled cans 


Vacuum headspace | Nitrogen headspace! 


Irrad, | Irrad. Irrad. Irrad. 
at R.T. | frozen at R.T. frozen 


Green Beans 
Chlorophyll (mg. | 72 
Reflectance (Rd) 7.3 
Hue (tan~'a/b)... 2. —4.3 
Chroma (a* + . 114 

Broccoli 
Chlorophyll (mg./100 g.)....... 109 121 
Reflectance (Rd) d | ‘ 10.5 11.8 
Hue (tan-'a/b) 3.3 —3.5 —5.0 
Chroma (a* + 18.0 17.9 


! Data for comparable cans with a vacuum headspace is presented 
in Table 6. 

2Kach datum was obtained from an average of 10 cans; i.e., 2 at 
each of 5 storage periods. 


ascorbie acid had been added, the results were incon- 
clusive. Under the conditions of the experiment, the 
protective effect of added ascorbic acid appeared to 
be negligible. 

Effect of packing medium, When prepared for 
irradiation without added liquid, irradiated green 
beans tended to be greener and higher in chlorophyll 
content than the comparable brine-packed samples 
(Tables 5 and 6). Hue and chlorophyll content of 
broccoli samples were not affected by the absence of 
brine. Most of the broccoli samples were, however, 
significantly darker and lower in chroma when packed 
‘“‘dry.’’ Pheophytin content of both vegetables was 
generally unaffected by the change in packing 
medium, 

Substitution of water for brine as the packing 
medium for broccoli resulted in a yellower hue and 
no significant change in chlorophyll content (Table 
6). With green beans, water-packed samples were 
higher in chlorophyll content, while the hue of water- 
packed green beans was significantly greener for some 
of the samples and yellower for the remainder. 

Effect of can lining. In approximately half of the 
samples studied, the substitution of plain tin for 
enameled cans did not significantly affect the hue 
of irradiated green beans or broccoli. In the re- 
mainder of the samples, a significantly greener color 


was achieved when enameled cans were used. Chloro- 
phyll retention in green beans was significantly 
higher in the plain tin-packed samples, but no differ- 
ence in the chlorophyll content of broccoli resulted 
from the variation in can lining. 

The most striking effects of can lining were ob- 
served in the significantly greater brightness and 
chroma of green beans packed in plain tin rather than 
enameled cans (Table 7). Brightness and chroma of 
some of the broccoli samples were also significantly 
higher due to the use of plain tin cans. The pheophy- 
tin content of broccoli was unaffected by can lining, 
whereas in some of the green bean samples, the use 
of plain tin cans resulted in a significantly higher 
pheophytin content. 

Effect of storage temperature. Storage at 100° F. 
rather than at room temperature did not affect the 
chlorophyll content or hue of irradiated green beans. 
With broccoli, however, both color and chlorophyll! 
retention were better in samples stored at the higher 
temperature, although the improvement in hue result- 
ing from 100° F. storage was not evident during the 
early part of storage (Table 8). 


Optimum conditions for minimizing chlorophyll and 
color degradation. Pigment content and color for 10 
treatments which appeared to be the most desirable 
from a pigment and color point of view are presented 
in Table 9. Treatments were arranged in order for 
the various attributes of color as it was assumed that 
a higher hue value indicating a greener color, a 
higher Rd value which indicates a brighter product 
and a higher chroma indicating a more intense color, 
would be desirable. This assumption should be the 
subject of further research. 

Color and pigment values for the irradiated and 
non-irradiated samples stored at zero ° F. are also 
presented in order that the irradiated samples could 
be compared with the frozen controls. It will be seen 
that there was considerable change even with the opti- 
mum conditions. The irradiated samples were some- 
what inferior to the fresh or frozen samples on the 
market. 

The choice of the optimum conditions for irradi- 
ation would have to be governed by the weighting 


TABLE 8 


The effect of storage temperature on the color and chlorophyll 
content of green beans and broccoli packed in brine 
under vacuum in enameled cans 


Stored at 100° Ft 0°F. 


Irrad. Irrad. Trrad. 
at R.T. | frozen frozen 


Green Beans 
Chiorophyll (mg. /100 ) 
Reflectance (Rd) 
Hue (tan-'a/b) 
Chroma (a* + 

Broccoli 
Chlorophyll (mg./100 g. ) 
Reflectance (Rd) 
Hue (tan-'a/b) 
Chroma (a? + b*)'/2 


’ Data for comparable cans stored at ca. 70° F. is presented in Table 
6. 

* Each datum was obtained from an average of 10 cans; i.e., 2 at 
each of 5 storage periods. 
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TABLE 9 

Ten treatments which least affect the color and chlorophyll 

content of green beans and broccoli 
subjected to irradiation 


Reflectance Chroma 
Rd (a® + b?)*/2 


Chlorophyll | 
mg./100 g. dry wt. } 


| 
Green Beans | 


1021 (16)? 
(11) 


(19) 5.3 (12) 
(12) =| 6 (2) 
(12) 6 (11) 
(17) 6 (1) 5 (17) 
(15) 6 (9) 2.5 (16) 
(20) 4 (2) (7) 
(14) 5! 0 (14) | 2 (19) 
(13) 5. 0 (20) | 6 (3) 
(7) 5. .0 (16) 4 (5) 
(6) (8) A (6) 
(21) (21) (21) 
(22 8 (22) 4 (22) | 9 (22) 
Broccoli 
138 (14) 6 (12) 0 (16) 6 (14) 
135 (12) | 5 (14) | 9 (11) 3 (12) 
129 (19) ‘ (4) (15) 2 (18) 
125 (20) 6 (2) 7 (12) 2 (11) 
123 (16) | 2 (19) 6 (18) 0 (5) 
122 (18) (20) 2 (3) 9 (15) 
121 (15) (17) 1 (6) 8 (16) 
(11) (3) (14) 
(4) (9) 0 (20) 
(2) (16) 
(21) (21) 8 (21) 


(22) (22) | 12.1 (22 


| 


to 


1 Each datum represents the average obtained from 10 cans, ie., 
duplicate analyses at each of five storage periods. 

2The figures in brackets represent the treatment numbers as de- 
scribed in Table 1. 

* Treatment No's. 21 and 22 represent the irradiated and non 
irradiated samples stored at zero ° F. 


given to a number of quality attributes. From a color 
and pigment point of view, and equal weighting for 
the attributes in Table 9, it would appear that Treat- 
ment No. 12 would be optimum for both green beans 
and broccoli. This would involve packing the product 
in a high pH brine under vacuum in plain tin cans 
and irradiating in the frozen state. For long storage 
periods, packing in enamel cans (Treatment No. 14) 
might be desirable. 

Use of higher than 1.86 megarad levels of gamma 
radiation to achieve sterilization has been suggested 
by Morgan (7). The relationship between chlorophyll 
retention and irradiation dose, shown in Table 10, 
would indicate that the chlorophyll degradation at 
higher doses would be greater than that observed at 
the 1.86 megarad levels employed in this study. 


TABLE 10 


Effect of dose of gamma-irradiation at room temperature upon 
chlorophyll retention in green bean and broccoli purées* 


Per cent retention of 
Irradiation dose, megarads chlorophyll 


Green beans Broccoli 


98 
91 
82 
63 
61 
31 
'The purées in this experiment were irradiated in ampoules as indi- 
cated in the methods. 


SUMMARY AND CONCLUSIONS 


The effects of gamma radiation upon color and 
pigment content of green beans and broccoli have 
been described. 


With a 1.86 megarad dose, a marked change in hue 
from the green toward the yellow took place in both 
vegetables. Irradiation produced a decrease in chloro- 
phyll content and an increase in pheophytin. In the 
ease of green beans, the destruction of chlorophyll 
amounted to about 40 per cent of the amount origi- 
nally present. With broccoli, approximately 28 per 
cent of the chlorophyll content of the non-irradiated 
vegetables was destroyed. There was little, if any, 
further decrease in the chlorophyll content of either 
vegetable during post-irradiation storage, except for 
samples whose pH had been raised. A decrease in the 
pheophytin content of both vegetables took place dur- 
ing the latter part of storage. 

Green beans and broccoli were slightly greener 
after one year’s storage. Irradiation in the frozen 
state produced brighter and greener samples with a 
higher chlorophyll content. Packing green beans and 
broccoli in brine with a higher pH value prevented 
much of the chlorophyll breakdown and color loss. 
This improvement was retained to some extent with 
broceoli upon storage but not with green beans. 

The use of plain tin instead of enameled cans, 
under certain conditions, resulted in poorer color re- 
tention in both broccoli and green beans. However, 
chlorophyll content was higher in irradiated green 
beans which were packed in plain tin cans. Green 
beans packed under vacuum or nitrogen showed 
increased chlorophyll retention and less yellowing 
than the air packed samples. The reverse was true 
for broccoli. 

The combination of conditions which provided the 
greatest degree of protection against change in color 
and chlorophyll content consisted of immersion in 
high-pH brine, vacuum-packing in plain tin cans, 
and irradiation in the frozen state. 

A linear decrease in chlorophyll content of both 
green beans and broccoli resulted from increases in 
gamma radiation dose, over the range of 0.49 to 7.29 
megarads. 
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Effects of Gamma Ray Irradiation on Carotenoid 
Retention and Color of Carrots, Sweet Potatoes, 


Green Beans and Broccoli *” 


(Manuscript received May 31, 1958) 


A NUMBER OF OBSERVERS have re- 
ported that irradiation caused either a visible bleach- 
ing or a darkening effect on vegetables (3). Huber 
(4) used a Capacitron electron accelerator to produce 
sterilizing dosages and reported considerable bleach- 
ing of carrots and some bleaching of green beans. 
Lukton and Mackinney (5) studied the breakdown of 
carotenoids by irradiation in a number of products. 
They coneluded that ‘‘the destruction of carotenoid 
pigments on exposure to gamma-radiation is caused 
by secondary reactions and depends upon the extent 
to which free radicals or peroxides formed in the sur- 
rounding medium are available for reaction.’’ 

The present study was concerned with the retention 
of carotene and xanthophyll in green beans and broc- 
coli; color, total carotenoids, and beta-carotene and 
xanthophyll in sweet potatoes; and color total carote- 


noids, beta-carotene, alpha-carotene and xanthophyll 
in carrots when irradiated under a variety of con- 
ditions. 


MATERIALS AND METHODS 


Preparation of samples. Green beans and broccoli were pre 
pared as described by Wishnetsky (9). The same samples were 
used for this work and the treatments are listed in Table 1. 

Maryland Golden variety sweet potatoes were heated for 5 
minutes at 240° F. to loosen the skins which were removed 
under cold water. The peeled potatoes were cut into chunks, 
packed, sealed and frozen according the methods deseribed for 
green beans and broccoli. The sweet potatoes were packed in 
R-enamel or plain tin cans with a 30% (wt./vol.) sucrose syrup 
where indicated in Table 1. 

The sweet potatoes used for the enzyme studies reported in 
Table 2 were heated at 240° F. to loosen the skins and peeled 
under cold water. Where blanching was indicated in Table 2, 
the potatoes were sliced and heated in steam to 212° F. for 5 
minutes. After cooling, the slices were packed in plain tin No. 
2 cans in 30% (wt./vol.) sucrose syrup, sealed under vacuum 
and immediately frozen. The unblanched samples were sliced 
or puréed after peeling and handled in the same manner as the 
sliced samples except that no sugar syrup was added. 


"Contribution No. 1162, University of Massachusetts Col- 
lege of Agriculture Experimental Station. This paper reports 
research undertaken in cooperation with the Quartermaster 
Food and Container Institute for the Armed Forees, QM R. & 
Ll). Command, U. 8. Army, and has been assigned number 926 
in the series of papers approved for publication. The views or 
conclusions contained in this report are those of the authors. 
They are not to be construed as necessarily reflecting the views 
or endorsements of the Department of Defense. 

* Presented at the Eighteenth Annual Meeting of the Insti- 
tute of Food Technologists, Chicago, Illinois, May 28, 1958. 

* Present address: Libby, MeNeil and Libby, Ine., Blue 
Island, Illinois. 

“Continental Baking Co., Rye, N. Y. 


R. Franceschini, F. J. Francis, 
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Department of Food Technology, Uni- 
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The samples in glass vials (approximately 2 x 8 em.) were 
packed by placing 10 g. in each vial and stoppering the vials 
under 23 inches of vacuum in a White Cap vacuum sealer. Two 
vials were packed in cotton in each No. 2 can. 

The slices with potassium cyanide, which was added to 
inhibit enzyme action, were dipped in a 4% solution of potas- 
sium eyanide for 25 minutes prior to packing in syrup. The 
puréed samples had sufficient cyanide added to make the con- 
centration 10,000 p.p.m. in the purée. The samples with chloro- 
genic acid had 1400 p.p.m. in the purée. 

The sliced or puréed samples of sweet potatoes were irradi- 
ated in the frozen state with 1.86 megarads* and stored for 2, 
6, 15, and 22 weeks at room temperature. 

Imperator type carrots were used for the treatments listed 
in Table 1. They were prepared in essentially the same man- 
ner as deseribed for sweet potatoes except that they were sliced 
rather than eut into chunks and a 1.5% sodium chloride brine 
was added rather than syrup. 

Analytical methods. For green beans and broccoli, a suitable 
aliquot of the acetone extract prepared for chlorophyll analysis, 
was transferred to hexane in a separatory funnel. After wash- 
ing, the hexane layer was saponified with 20% methanolic 
potassium hydroxide solution in the manner described by 
Zscheile and Porter (70). The hexane portion was extracted 
with 906 methyl alcohol in water, washed with water and 
made up to volume. The carotene solution in the hexane was 
read in an Evelyn colorimeter equipped with a 440 may filter 
and ealibrated with beta-carotene purified from 100 per cent 
beta-carotene (Eastman Kodak) according to the method out- 
lined in the Official Methods of Analysis of the A.O.A.C. (8th. 
edit., 1955). The methanolic potassium hydroxide and 
methanol in water solutions containing the xanthophylls were 
combined in a separatory funnel. The xanthophyll pigments 
were transferred to hexane by diluting with water and washed 
to remove traces of methanol. The hexane solution was made 
to volume and read in an Evelyn‘ colorimeter with a 440 mu 
filter and caleulated as 8-carotene. 

In the case of sweet potatoes, the xanthophyll, 8-carotene 
and total carotenoids were determined by the method of Wall 
and Kelly (8). The carotenoids were extracted with a mixture 
of ethanol and hexane and transferred to hexane by the addi- 
tion of water. The xanthophylls were removed by extracting 
with aleoholic potassium hydroxide solution. The hexane solu- 
tion, after washing with water, was made to volume and read 
as an index of total carotenoids. An aliquot of the hexane 
solution was chromatographed on a 1:1 MgO-Celite* column 
to separate the 8-carotene. The hexane solution was washed 5 
times with water before chromatographing, to remove traces of 
ethanol which interfered with the development of the column. 
The xanthophyll solution was transferred to hexane, washed, 
and made to volume. All pigment solutions were read in an 
Evelyn colorimeter at 440 my, calibrated for S-carotene. 


The pigment content of carrots was determined in the same 
manner as that of sweet potatoes except that a-carotene was 
also separated on the MgO-Celite column. The xanthophyll, 

* At the Argonne National Laboratories, Lemont, Ill. 

"Manufactured by the Rubicon Co., Div. of Minneapolis 
Honeywell, Philadelphia, Pa. 

* Obtained from the Johns-Manville Co., Baltimore, Md. 
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IRRADIATION OF CARROTS, SWEET POTATOES, GREEN BEANS AND BROCCOLI 


TABLE 1 
Experimental treatments for green beans, broccoli, sweet potatoes and carrots 


! 
T-eatment No. Irrad.temp. | pH Can lining 
| 


Packing Headspace 
medium gas 


Room temp. Normal Plain tin Brine Vacuum 
Room temp. High | Plain tin Brine Vacuum 
Room temp. Normal Enameled Brine Vacuum 
Room temp. High Enameled Brine Vacuum Room temp. 
Room temp. Normal Enameled Brine Nitrogen Room temp. 
Room temp. Normal Enameled Water Vacuum Room temp. 
Normal Enameled Dry Vacuum Room temp. 
Normal Enameled Dry Nitrogen Room temp. 
Normal Enameled Dry Air Room temp. 
Room temp. Normal Enameled Brine Vacuum 100° F, 
Frozen Normal Plain tin Brine Vacuum Room temp. 
Frozen High Plain tin Brine Vacuum Room temp. 
Frozen Normal Enameled Brine Vacuum Room temp. 
Frozen High Enameled Brine Vacuum Room temp. 
Frozen Normal Enameled Brine Nitrogen Room temp. 
Frozen Normal Enameled Water Vacuum Room temp. 
Frozen Normal Enameled Dry Vacuum Room temp. 
Frozen Normal Enameled Dry Nitrogen Room temp. 
Frozen Normal Enameled Dry Air Room temp, 
Frozen Normal Enameled Brine Vacuum 100° F. 
Frozen Normal Enameled Brine Vacuum 0° F, 
Non-irrad. Normal Enameled Brine Vacuum 0° F, 
control 


The high pH samples refer only to green beans and broccoli. 


TABLE 2 
The effect of blanching, puréeing and added chemicals on the pigment content and color of sweet potatoes 


Pigment content Color 


Treatment Total Beta- Reflectance Hue | Chrom: 
carotenoids carotene Xanthophyil Rd tan“a/ | 
ug./g. 
. Sliced, unblanched, plain tin cans 31% .6 35.5 33.4 
. Sliced, blanched, plain tin cans 9.% 31.2 
. Sliced, unblanched, plain tin, KCN dip if 2 2.67 9. - j 36.8 
Puréed, unblanched, plain tin 22. 39.6 37.8 
. Puréed, blanched, plain tin 5 83.0 
Puréed, unblanched, plain tin, KCN added. 40.8 
. Puréed, blanched, glass vials..... . 
8. Puréed, unblanched, glass vials 
. Puréed, unblanched, glass vials, chlorogenic acid 
Non-irradiated, sliced, unblanched, plain tin 
. Non-irradiated, sliced, blanched, plain tin................. 


1 
2 
3 
4. 
5 
6. 
7 
8 


on 


1 Each datum was obtained from an average of 8 cans, i.e., 2 at each of 4 storage periods, 


total carotenoids, and B-carotene content was determined with irradiation was very variable depending on the con- 
an Evelyn colorimeter calibrated for 8-carotene whereas for ditions. The per cent destruction for carotene ranged 
a-carotene the instrume nt was calibrated with a-carotene puri from 5% for Treatment No. 10 in Table 1 to 95% for 
fied from a mixture of 85% alpha- and 15% B-carotene. 

All pigment contents were calculated as micrograms per ‘ 
gram of dry weight after adjustment for the brine or syrup were about 25% lower in carotene and 22% lower in 
added. The moisture determinations were performed by drying xanthophyll than the controls stored at the same tem- 

for 8 hours in a vacuum oven at 70° F. e ne re perature. The xanthophyll content tended to follow 
2 € sasurements were r » with a Gardner Color 

were mate the carotene content as Treatment 10 showed about 
Difference Meter on samples which had been ground in a meat 20% des 3 iT 19. al pen 
grinder. A cireular 2% inch diameter opening was used with <U'% destruction and Treatment 19, about 99%. 

large area illumination. Pyrex cells with optical glass bottoms The effect of storage time on the carotene and 
were used for the ground samples. Small Plexiglass cells and xanthophyll content of green beans is shown in Figure 
small area illumination were used for the sweet potatoes in 1. There was a large initial decrease upon irradiation 


lass vials. The ‘‘Rd’’ value was used as an index of lightness : ‘ : 
es aedsaaes tan“a/b (2) was used for hue and (a? + b*)'” for followed by a rise and then a decrease at the final 


penne storage period. At 100° F., xanthophyll was ap- 

All 4 vegetables were irradiated with 1.8 megarads and parently more susceptible to breakdown on storage 

stored for approximately %, 1, 3, 6 and 12 months. The condi- than carotene because the xanthophyll carotene ratio 

tions of packing, shipping, irradiation, and time and tempera- decreased from 1.6-2.0 at the beginning of storage to 
ture of storage, have been described by W ihnetehy (9). = 0.6—0.8 after 48 weeks of storage 
conelusions are based on analyses of variance for six groupings , 0 G : § ge. 

at the 1% level of significance." The carotenoid content of broccoli was much less 

variable than that of green beans upon irradiation. 

RESULTS AND DISCUSSION The carotene destruction ranged from 25% for Treat- 

’ in om ment 18 to 50% for Treatment 3. Xanthophyll de- 

Overall effects of irradiation and storage. ‘The caro- struction ranged from 30% with Treatments 11 and 

tene and xanthophyll content of green beans after 40 to 60% with Treatment 10, The samples, irradi- 


Treatment 19. The irradiated samples stored at 0° F. 


"In the interests of brevity, tables of statistical data were 
not reproduced here. They will be supplied by the authors upon 
request. 


ated frozen and stored frozen, were about 30% lower 
in both carotene and xanthophyll than the frozen 
controls. 
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Figure 1. The carotene and xanthophyll content of green 
beans irradiated at 1.86 megarads and stored under the condi- 
tions described in Table 1. Each point represents the average 
value obtained from duplicate analyses on each of 20 cans. 


The effect of storage time on the carotene and 
xanthophyll content of broccoli is shown in Figure 2. 
With xanthophyll, there was a large initial drop 
upon irradiation followed by a rise and a slow de- 
crease upon storage. The carotene content showed 
little change after the initial drop. 

The carotenoid pigments of sweet potatoes showed 
relatively little destruction by gamma irradiation. 
The Treatment (No. 7) which resulted in the lowest 
total carotenoid content was only 20% lower than the 
non-irradiated controls. The treatment with the 
greatest carotenoid retention (No. 6) was only 3% 
lower than the controls. The sweet potatoes irradiated 
frozen and stored at 0° F. were also about 3% lower 
than the non-irradiated controls stored at 0° F. The 
figures for 8-carotene content generally ran parallel to 
the values for total carotenoid content but the figures 
for xanthophyll were slightly different. Treatment 21, 
which had the highest 8-carotene and total carotenoid 
content had one of the lowest xanthophyll contents. It 
might appear that there was an inverse relationship 
between the xanthophyll and total carotenoid content 
but the correlation coefficient between the two for all 
the irradiated samples was not significant. 

The effects of storage on total carotenoid and £- 
carotene content are presented in Figure 3. The 
storage effects were not very marked and were dif- 
ferent for each treatment. In general, the figures for 
total carotenoid and £-carotene showed an _ initial 
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Figure 2. The carotene and xanthophyll content of broccoli 
irradiated at 1.86 megarads and stored under the conditions 
described in Table 1. Each point represents the average value 
obtained from duplicate analyses on each of 20 cans. 


decrease upon irradiation followed by a rise and then 
a slow decline. The xanthophyll content increased 
with storage. 

The color changes upon storage after irradiation 
were more marked than the pigment changes. The 
samples were generally lighter in color except for the 
samples packed dry and the ones stored at high tem- 
peratures which were considerably darker. The hue 
changed towards the yellow except for the samples 
in plain tin and the irradiated samples stored frozen 
where the shift was towards the red. The same sam- 
ples that were redder also showed an increase in 
chroma where the other samples showed a decrease 
when compared with the controls. Upon storage, 
there was a gradual shift in hue towards the yellow 
(Figure 3). The color of the sweet potatoes did not 
correlate with the pigment content, as for example, 
Treatment 11, which had a redder hue had a relatively 
low pigment content. The color was influenced by 
enzymatic discoloration as well as pigment content. 


SWEET POTATOES 
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© irrad frozen 
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Figure 3. The hue, total carotenoids and beta-carotene in 
sweet potatoes irradiated at 1.86 magarads and stored under 
the conditions described in Table 1. Each point represents the 
average value obtained from duplicate analyses on each of 16 
cans. The pigment content is represented as micrograms per 
gram dry weight and the hue as tan™‘a/b. 


One incidental observation was that it was much 
easier to extract the pigments from the irradiated 
samples than from the controls. This may be because 
the radiation had degraded the pectin or other con- 
stituents of the chloroplasts and plant cells, thus 
making the pigments more accessible to the solvents. 


The carotenoid pigments in carrots showed con- 
siderable variation in their response to irradiation 
depending on the packing conditions. The destruc- 
tion of total carotenoids ranged from zero for Treat- 
ments 11 and 20, to 56% for Treatment 19. The sam- 
ples irradiated frozen and stored frozen were about 
3% lower in total carotenoids than the control sam- 
ples. In general, the conditions that resulted in the 
highest total carotenoid retention gave high values 
for the other pigments as well but did not necessarily 
result in the greatest retention for each of beta- 
carotene, alpha-carotene or xanthophyll. Upon stor- 
age, the values for total carotenoids, 8-carotene, a- 
carotene and xanthophyll showed a rise at the second 
and third analysis periods followed by a small de- 
crease (Figure 4). 
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Figure 4. The hue, total carotenoids and beta-carotene in 
carrots irradiated at 1.86 megarads and stored under the condi- 
tions described in Table 1. Each point represents the average 
value obtained from duplicate analyses on each of 16 cans. The 
pigment content is represented as micrograms per gram dry 
weight and the hue as tan™‘a/b. 


The color of the irradiated samples was darker, 
yellower, and less saturated, depending on the condi- 
tions of storage. The non-irradiated controls had the 
highest Rd readings followed by the samples irradi- 
ated frozen and stored frozen then the samples in 
plain tin. The darkest samples were those stored at 
100° F. Apparently, there was a darkening process 
oecurring which was more evident as the storage tem- 
perature increased. Similarly, the samples irradiated 
at room temperature and stored at 100° F. showed 
the greatest shift in hue towards the yellow. The 
irradiated samples stored frozen and the plain tin 
samples irradiated frozen had a more orange hue than 
the controls but all other samples were yellower. The 
same general trends were evident with the chroma 
values. The lowest values were obtained with the 
samples stored at high temperatures. The samples 
irradiated and stored frozen had chroma values simi- 
lar to the controls and the other treatments were 
intermediate between the two. The overall color 
values did not correlate with the pigment content 
because of the darkening effect on storage. 


The treatment which showed the greatest carote- 
noid breakdown for all 4 vegetables was a dry pack 
in air. It is well known that the carotenoid pigments 
are susceptible to oxidation and apparently the 
irradiation process facilitated the oxidation. This 
would agree with the hypothesis of Lukton and Mae- 
kinney (5) that the destructive effects of irradiation 
on carotenoid pigments are mainly indirect. 

One consistent trend was the increase in carotenoid 
content at the second or third period of analysis. The 
trend was significant for total carotenoids, beta-caro- 
tene, alpha-carotene and xanthophyll in carrots; total 
carotenoids, beta-carotene and xanthophyll in sweet 
potatoes; and carotene and xanthophyll for both 
green beans and broccoli. The increase was not evi- 
dent in the experiments on enzyme action in sweet 
potatoes which were packed in early spring after 
being in bulk storage for some months. It is well 
known that sweet potatoes will synthesize carotenoids 
on storage (1) but this could hardly explain the in- 
crease in blanched green beans and broccoli. 


Effects of temperature of product during irradi- 
ation, With green beans, irradiation in the frozen 
state resulted in greater destruction of both carotene 
and xanthophyll (Figure 1). With brocewii, the 
situation was reversed as irradiation in the frozen 
state gave greater retention of both carotene and 
xanthophyll (Figure 2). With sweet potatoes, the 
irradiation temperature did not affect the pigment 
content or the hue but irradiation at room tempera- 
ture produced samples with higher reflectance and 
chroma values (Figure 3). With carrots, the irradi- 
ation temperature did not affect the total carotenoids, 
8-carotene or a-carotene content (Figure 4). How- 
ever, irradiation at room temperature resulted in a 
product with a lower content of xanthophyll, a lower 
reflectance, a yellower hue and a lower chroma. 

The effect of temperature of irradiation was seldom 
a clear cut main effect but was nearly always compli- 
cated by significant interactions between one or more 
of the other packing conditions. 


Effects of headspace gas. Green beans and broceoli 
packed dry in air showed severe carotenoid destruc- 
tion (Table 3). The vacuum packs showed fairly 
good retention and the nitrogen packs were somewhat 
lower. With sweet potatoes packed dry, the nitrogen 
packs showed the highest pigment retention followed 
by the vacuum samples and last by the air packs. The 
color of the sweet potatoes was also significantly 
affected by the headspace gas. The vacuum packs had 
the highest reflectance values followed by the samples 
in nitrogen and then in air. The samples in air had 
a yellower hue than the other two. The vacuum 
packed samples had the highest chroma followed by 
the samples in nitrogen and then in air. With carrots, 
packed dry, the vacuum packs showed the highest 


TABLE 3 


The carotenoid content of four vegetables packed dry in 
enameled cans and stored at room temperature 
for eleven months 


Irradiated at room 
Irradiated frozen 


Vacuum | Nitrogen Vacuum | Nitrogen 


(ireen Beans! 
Carotene ®....... 
Xanthophy!l®... 

Broccoli* 
Carotene......... 
Xanthophyli.... 

Sweet Potatoes 
Total carote 

noids... 
B-carotene...... 
Xanthophyll 
Reflectance 
Hue 
Chroma 

Carrots 
Total carote 


B-carotene....... 

a-carotene. 
Xanthophyll... 6.5 6 8.93 
Reflectance... 2.4 f 15.3 
Hue {7.6 2.2 39.5 
30.4 28.7 3 30.4 


' Color and chlorophyll values for these cans were published in a 
previous paper (9) 

> Pigment contents in wg./g. dry weight 

® The reflectance, hue and chroma were represented by Rd, tan-'a/hb, 
and (a* + respectively 

‘Each datum was obtained from an average of 10 cans, ie, 2 at 
each of five storage periods 


6 
a 
52¢ 10 7 39 1} 3 
a4 i4 9 60 18 7 
95 81 78 103 111 92 ; 
155 157 129 174 218 179 
359 193 506 417 371 
$25 $54 139 383 
1.72 1.75 1.65 2.04 2.05 1.67 
19.7 18.9 18.2 20.4 18.1 17.0 
34.8 14.3 29.9 140 33.0 20.6 | 
27.2 26.8 24.8 27.0 25.2 23.0 j 
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pigment retention followed by the nitrogen packs and 
then the samples in air. The headspace gas also 
affected the color of carrots as the vacuum and nitro- 
gen packs had higher hue and chroma values and 
lower Rd values than the air packs. 

When the vegetables were packed in brine or water, 
the headspace gas was less important (Tables 4 and 
5). Carotenoid retention and color in all 4 vegetables 
was similar for both nitrogen and vacuum headspaces 
in nearly every case. 

Effects of packing media. (ireen beans packed in 
water showed higher carotenoid retention than the 
brine packs when irradiated in the frozen state but 
not when irradiated at room temperature (Table 4). 
With broccoli, both water and brine packs were simi- 
lar in earotenoid content. With sweet potatoes, the 
syrup packs showed higher pigment retention than 
the water packs. The hues and chromas of the 2 packs 
were similar but the water packs were darker. With 
carrots, the pigment content of the brine packs was 
slightly higher than the water packs but the colors 
were similar. 

Effects of can lining. In green beans, there was no 
significant difference in the carotenoid content due to 
ean lining when the samples were irradiated at room 
temperature (Tables 4 and 5). With irradiation in 
the frozen state, plain tin cans showed greater carote- 
noid retention, particularly in the latter part of the 
storage period. With broccoli, plain tin eans gave 
better carotenoi | retention. With sweet potatoes and 
carrots, there was no difference in pigment content 
due to can lining, but the samples in plain tin were 
lighter, more orange in color and had a higher chroma 
than the samples in enameled cans. Since the can 
lining had a highly significant effect on the color 


TABLE 4 


The carotenoid content and color of four vegetables packed 
under vacuum in enameled cans and stored at room 
temperature for eleven months 


| Irradiated at room ree 


temp Irradiated frozen 


Brine | Water Brine Water 


Green Beans! 


Broccoli! 

Xanthophyll 
Carrots 

Total carotenoids........ 

carotene 

a-carotene 

Xanthophyll 

Reflectance?®.. 


Sweet Potatoes y Water y | Water 


Total carotenoids........ $ 422 | 416 
B carotene. ‘ 382 383 
Xanthophyll 1.81 
Reflectance... 9. 21.7 

. 37.8 


1 Color and chlorophyll values for these cans were published in a 
previous paper (9). 

2 Pigment contents in ug./g. dry weight. 

* The reflectance, hue and chroma were represented by Rd, tan-'a/b, 
and (a? + b*)'/® respectively. 

4Each datum was obtained from an average of 10 cans, i.e., 2 at 
each of five storage periods. 


TABLE 5 


The color and pigment content of four vegetables packed in 
ored for eleven months at room temperature 


Enameled cans 


Plain tin cans | 


Vacuum headspace Nitrogen headspace 
Irrad.at | Irrad. 
R.T. 


Irrad, at Irrad. 
| BT. frozen 


frozen 


Green Beans' | 
Carotene? 40 48 
Xanthophyll* | 65 71 
Broccoli! 
110 110 
Xanthophyil.... 215 210 
Carrots 
Total carotenoids... 717 647 
B-carotene. | 457 406 
a-carotene.. . | 138 127 
Xanthophyll t 6.66 6.98 
Reflectance? 16.7 11.3 
45.7 40.5 
29.4 
Sweet Potatoes 
(syrup pack) 
Total carotenoids. . | 409 
348 | 870 
1.66 1.62 
21.0 | 19.1 
41.6 39.3 
Chroma | ’ 32.5 30.6 29.0 


1Color and chlorophyll values for these cans were published in a 
previous paper (9). 

2 Pigment contents in wg./g. dry weight. 

* The reflectance, hue and chroma were represented by Rd, tan-'a/b, 
and (a*-+ b*)'/? respectively. 

*Each datum was obtained from an average of 10 cans, i.e., 2 at 
each of five storage periods. 


without influencing the pigment content, it would 
appear that the two are not necessarily related. 
Effects of storage temperature. The samples of 
green beans stored at 100° F. showed surprising 
carotenoid retention as the samples irradiated at room 
temperature had a carotene content even higher than 
the samples irradiated frozen and stored frozen 
(Table 6). On the other hand, the samples irradiated 


TABLE 6 


The effect of storage temperature on the carotenoid content and 
color of four vegetables packed in brine under 
vacuum in enameled cans 


Storage temperature 
0° F. 70° F. 100° F 


Irrad. | . | Irrad. | Irrad,. I rad. 
frozen .T. | frozen | atR.T. | frozen 


Green Beans! 
Carotene? 59¢ 16 
Xanthophyll........ 102 
Broccoli! 
104 
Xanthophyll 
Carrots 
Total carotenoids 
B-carotene... 


Sweet Potatoes 
(syrup pack) 
Total carotenoids. 
8-carotene 
Xanthophyll... 
Reflectance. 


‘Color and chlorophyll values for these cans were published in a 
previous paper (9). 

2 Pigment contents in ug./g. dry weight. 

* The reflectance, hue and chroma were represented by Rd, tan-'a/b 
and (a* + respectively. 

*Each datum was obtained from an average of 10 cans, ie., 2 at 
each of five storage periods. 


i 
Fike, 
2 
7 
| 
| 
‘ 
Carotene? 63¢ | 61 16 | 52 73 23 
23 
<a | 308 97 17 | 101 30 
75 85 99 106 
ae 131 151 187 186 | .86 95 
| 129 146 
705 657 | 653 | 642 
440 413 | 422 | 407 ded 719 
133 128 «123 128 436 
6.6 6.5 | 7.9 144 133 123 | 140 136 
- 6.9 5.0 | 7.9 6.7 8.1 
39.0 39.6 43.4 43.3 Reflectance ’*................ 17.3 10.8 13.9 9.8 10.2 
| 346 Chroma 39.5 28.4 34.5 28.4 29.4 
403 377 419 400 
886 366 339 380 354 
17 1.7 14 18 1.8 
5 19.7 | 18.9 | 15.6 16.3 
7 38.9 | 39.9 | 34.8 34.6 
1 30.4 | 29.0 27.4 27.6 


Processing 40,000 tons of tomatoes a year, this Buflovak triple-effect evaporator accounts for 60% of the plant's annual output. From left 
to right: American Home Foods Technical Director, Arnold Cornett; Plant Engineer, Peter Mayer; and Production Manager, Larry Meck. 


American Home Foods boosts tomato paste production 
over 100% with a Buflovak Triple Effect Evaporator 


“Our triple-effect evaporator requires no more steam or 
labor than our other equipment uses.’’ So reports Larry 
Meck, production manager of the Oakland plant of 
American Home Foods, Division of American Home 
Products. 

The evaporator turns liquor of 6% solids into a paste 
of 30% solids. The process saves thousands of dollars 
in container and shipping costs each year. 


Operates at 20% over capacity. “Although the 
evaporator is designed to evaporate 44,800 pounds of 
water, we push ft during peak runs to 20% above this 


BLAWKNOX 


with no deterioration of product quality. Maintenance 
is simple and we have had no downtime at all for 
mechanical failures in three seasons of operation.” 


Let Buflovak boost your production. Buflovak has 
a completely equipped customer service lab to let you 
test a product in test tube or carload lots. And the 
Buflovak line of evaporators and dryers is complete. 
You select the unit best suited to upgrade your process 
based on impartial test results or your own specifica- 
tions. For details send for Catalog 372 on evaporators, 
384 on dryers, or 381 on the lab. 


BLAW-KNOX COMPANY 


Buflovak Equipment Division 
1609 Fillmore Avenue, Buffalo 11, New York 
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*|MITATION PINEAPPLE FLAVOR F-1213! 


We suggest, in all due modesty, that you will be surprised 
at the fidelity with which fresh natural pineapple matches 
the flavor of this new Givaudan creation. 

We feel justified in making this turnabout comparison 
because the flavor of Imitation Pineapple Flavor F-1213 
and that of the fresh fruit are virtually identical. 

There are many pineapple flavors that resemble the 
canned type, but this new Givaudan product has the true 
tae freshness and bouquet of the natural pineapple 
itself. 

Imitation Pineapple Flavor F-1213 is the result of long 
and persevering efforts on the part of our flavor chemists— 
a creation which we are proud to add to our widely known 


362B 


line. Its concentration and stability make it ideal for those 
products in which a fresh pineapple flavor is desired at a 
minimum cost. Its powdered counterpart, Permaseal® Imita- 
tion Pineaple Flavor F-2749, is also a faithful reproduction 
of the fresh fruit flavor May we send you samples and 
further information? 


321 West 44th Street, New York 36, N. Y. 
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in the frozen state and stored at 100° F. had a very 
low carotene content. With broccoli, high tempera- 
ture storage resulted in greater destruction of xan- 
thophyll but there was little effect on carotene. With 
sweet potatoes and carrots, the samples stored at 0, 70, 
and 100° F. had similar pigment contents. 

The temperature of storage had a marked effect on 
the color of sweet potatoes and carrots. The samples 
at the higher temperature were much darker, lower 
in chroma and showed the greatest hue shift towards 
the yellow (Table 6). 

Effects of pH. Green bean samples packed with a 
high pH brine showed some carotenoid destruction 
particularly with the xanthophyll content when 
packed in enamel cans and irradiated at room tem- 
perature. In general, however, adjusting the pH of 
the brine was not an important variable for the 
carotenoid content of green beans or broccoli. The 
effect of adjusting the pH value was not investigated 
for sweet potatoes or carrots. 

Effects of blanching and puréeing. A separate 
experiment was set up to investigate the effect of 
blanching, puréeing and chemical enzyme inhibitors 
since Nishida and coworkers (6) reported that sweet 
potatoes contain an enzyme system that destroys caro- 
tene. The data are reported in Table 2. 

The blanching process was particularly destructive 
with carotenoids as all blanched samples were lower 
in pigment content. If the loss in pigment content 
was due to enzyme action, blanching would be ex- 
pected to minimize the loss but this apparently did 
not happen. The puréeing process also reduced the 
pigment content probably because of the added air 
incorporated into the product even though the sam- 
ples were packed under vacuum. The lowest pigment 
content in this series was found in the blanched, 
puréed samples in glass vials (36% of pigment con- 
tent of unblanched non-irradiated controls). Appar- 
ently, the blanching and puréeing effects were 
additive. 

The blanching process also changed the color of the 
sweet potatoes. The hues, particularly of the 
blanched samples, were yellower but the chroma and 
reflectance values were also lower. The puréeing 
process also changed the color in the same manner, 
and the overall color changes were most marked in 
the samples which were both puréed and blanched 
(Treatment 7 in Table 2). 

Effects of type of container and storage time. The 
container had a significant effect on the pigment con- 
tent and color of the sweet potatoes (Table 2). The 
samples in plain tin cans had a much higher pigment 
content than the samples packed in glass vials and 
showed very little pigment loss on storage. The sam- 
ples in glass vials showed more initial destruction and 
even more loss on storage. The samples in cans had 
higher Rd, hue and chroma values than the samples 
in vials. Generally, the Rd value increased with stor- 
age indicating that the samples became lighter in 
color, whereas the hue and chroma decreased, indi- 
cating a shift towards the yellow and a less intense 
color. 


Effects of chlorogenic acid and potassium cyanide. 
Chlorogenic acid has been reported to inhibit the oxi- 
dation of B-carotene (7) but it did not protect the 
pigment from destruction in this experiment. It 
would appear that the loss in carotene through 
enzymie action is relatively small. The chlorogenic 
acid also changed the color appreciably as this set 
of samples had the lowest values for reflectance, 
hue and chroma and were the least attractive in 
appearance. 

Potassium cyanide was added to some cans as a 
general enzyme inhibitor but it apparently had other 
effects as well because the pigment content and color 
was better than that in the non-irradiated frozen con- 
trols. The puréed samples with potassium cyanide 
added and also the sample where the slices were 
dipped in a solution of potassium cyanide were very 
high in pigment content. In addition, they had sur- 
prisingly high values for hue and chroma. These sam- 
ples were much more orange than the frozen controls 
and were very attractive in appearance. The mecha- 
nism of this reaction merits further study. 

Optimum conditions for pigment retention and 
color, In Table 7, are listed the 10 treatments with 
the highest carotenoid retention in irradiated green 
beans and broceoli. A similar table for chlorophyll 
content and color has been published in a previous 
paper (9). In Table 8, are listed the 10 best treat- 
ments for sweet potatoes and carrots from a color and 
pigment point of view. It was assumed that a higher 
value for hue and chroma represented a more attrac- 
tive color. With the reflectance values for sweet pota- 
toes the choice is not so clear cut because a high value 
may indicate a slightly bleached product. However, 
it was assumed, in the absence of published data on 
the optimum color for consumer acceptance, that the 
lighter colored samples would be more acceptable 
than the darker ones. 

It would appear from Table 8, that the optimum 
conditions for pigment retention in sweet potatoes 
were not the same as for color. Treatment No. 1 
where the sweet potatoes were packed in syrup under 
vacuum it plain tin cans and irradiated at room tem- 
perature would be a good compromise if hue were 


TABLE 7 


Ten treatments for green beans and broccoli with the highest 
carotenoid retention 


Green beans Broccoli 


Carotene Xanthophyll Carotene Xanthophyll 
ug./g. dry wt ug./g. ug./9 


73% (10)? 101 (10) 111 (18) 215 (11) 
63 (2) (2) 110 (11) 215 (14) 
63 (3) (3) 110 (5) 213 (18) 
61 (1) t (1) 108 | y (5) 
61 (6) 97 (6) 106 j 5 (12) 
52 (16) 4 7 103 (15) 
(7) 102 (138) 
48 (5) 5 | 100 (LE (16) 
46 (12) 3 | 99 (18 9 (19) 
44 (4) 4 | (1) 
59 (21)8 2 (3 ‘ 221 (21) 
77 (22)8 ‘ 812 (22) 
1Each datum represents the average obtained from 10 cans, iLe., 
duplicate analyses at each of five storage periods. 
“The figures in brackets represent the treatment numbers as de- 
scribed in Table 1 
* Treatments 21 and 22 represent the irradiated and non-irradiated 
samples stored at zero ° F. 
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TABLE 8 
Ten treatments for irradiated sweet potatoes and carrots with the least change in color and pigment conten 
Hue Reflectance Chroma carotenoids carotene } carotene Xanthophyll 
ug./g. dry wt. ug./g. ug./g. 
| Sweet Potatoes 
41.6* (11)* 21.7 (6) $2.5 (11) 422 (6) 383 (18) 2.04 (17) 
41.0 (1) 21.6 (1) $2.4 (1) 419 (10) | 383 (16) 2.03 (18) 
39.9 (13) 21.0 (11) 30.4 (3) 417 (18) 382 (6) 1.88 (1) 
39.7 (16) 20.5 (16) 30.3 (5) 416 (16) 380 (10) 1.81 (6) 
39.3 (5) 20.4 (17) 29.9 (13) 409 (5) 370 (5) 1.79 (20) 
38.9 (3) 19.7 (7) 29.1 (16) 403 (3) 368 (1) 1.77 (16) 
$8.5 (15) 19.7 (3) 29.1 (6) | 402 (1) 366 (3) 1.76 (10) 
S7.8 (6) 18.9 (8) 29.0 (15) 400 (20) 363 (17) 1.75 (8) 
$4.8 (7) 18.9 (13) 27.6 (20) | 396 (17) 354 (20) 1.74 (3) 
34.3 (8) 18.4 (15) 27.4 (10) | 393 (8) 354 (8) 1.72 (7) 
44.1 (21)* 21.6 (21) 34.5 (21) 424 (21) 386 (21) 1.43 (21) 
39.8 (22)* 18.6 (22 29.5 (22) 435 (22) 404 (22 1.27 (22) 
Carrots 

45.7 (11) 16.7 (11) 38.1 (11) 719 (20) 457 (11) 140 (10) 8.09 (12) 
44.1 (15) 15.3 (19) 34.5 (13) 717 (11) 440 (3) 138 (11) 7.92 (13) 
43.5 (1) 14.5 (18) 33.8 (1) 705 (3) 436 (10) 136 (20) 7.62 (15) 
45.4 (13) 14.0 (16) 33.8 (16) 693 (10) 429 (20) 133 (3) 7.11 (16) 
43.3 (16) 13.9 (1) | 33.7 (15) 665 (15) 422 (13) 131 (15) 6.98% (5) 
42.2 (18) 13.9 (13) $2.5 (18) 657 (6) 413 (6) 7°8 (6) 6.66 (10) 
2.1 (20) 13.9 (15) | 31.4 (10) 653 (13) 407 (16) 128 (16) 6.66 (11) 
41.8 (7) 12.9 (17) | 30.4 (19) 647 (5) 406 (5) 127 (5) 6.62 (3) 
40.9 (17) 12.9 (17) 30.4 (7) 642 (16) 405 (15) 123 (13) 6.49 (6) 
40.8 (8) 12.5 (8) | 30.2 (8) 640 (1) 400 (1) 120 (1) 6.43 (9) 
47.1 (21) 17.3 (21) 39.5 (21) 692 (21) 441 (21) 144 (21) 6.75 (21) 
44.4 (22) 19.3 (22) | 40.6 (22) | 719 (22) 464 (22) 149 (22) 6.04 (22) 


1 Each datum represents the average of 10 cans, i.e., duplicate analyses for each of five storage periods. 
* The figures in brackets represents the treatment numbers as described in Table 1. 
®* Treatments 21 and 22 represent the irradiated and non-irradiated samples stored at zero ° F. 


more important than pigment content. If it were 3. The destruction of carotenoids in sweet potatoes 


felt that the reverse was true, Treatment 16 might be 
the logical choice. 

With irradiated carrots, the optimum conditions for 
pigment retention were also the optimum conditions 
for color. Treatment No. 11 where the carrots were 
packed under vacuum in brine in plain tin cans and 
irradiated in the frozen state, would be the logical 
choice. 

Both carrots and sweet potatoes when irradiated 
under optimum conditions produced products that 
would compare very favorably from a color and pig- 
ment retention point of view with conventional heat 
treated or frozen products. 


SUMMARY 


The color and pigment retention in irradiated sweet 
potatoes and carrots and the carotenoid retention in 
irradiated green beans and broccoli have been investi- 
gated over one year’s storage time with a variety of 
packing conditions. The chief findings were as 
follows : 


1. The destruction of carotene and xanthophyll in 
green beans upon irradiation ranged from 5 to 95% 
depending on the conditions. The greatest loss was 
found in beans packed dry in air and irradiated 
frozen. The least destruction was found in samples 
packed in brine under vacuum irradiated at room 
temperature and stored at 100° F. 

2. The destruction of carotene and xanthophyll in 
broceoli ranged from 25 to 50%. The greatest reten- 
tion was found with samples packed dry under nitro- 
gen and irradiated in the frozen state. 


ranged from 3 to 20%. The samples with the greatest 
retention were packed in water under vacuum and 
irradiated at room temperature. 

4. The destruction of carotenoids in carrots ranged 
from zero to 56%. The samples with the greatest re- 
tention were packed in brine under vacuum in plain 
tin cans and irradiated in the frozen state. These 
conditions also resulted in the most attractive color 
for both carrots and sweet potatoes. 

5. Upon storage, there was usually an initial ce- 
crease in pigment content followed by a rise and then 
a slow decline. The hues of sweet potatoes and car- 
rots gradually changed towards the yellow upon 
storage and the samples became darker. 

6. Temperatures of irradiation, headspace gas, 
packing media, can lining and temperature of storage 
all had a small effect on the color and carotenoid con- 
tent of the four vegetables. 

7. Blanching or puréeing resulted in a much lower 
pigment content in irradiated sweet potatoes. 
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Factors Affecting the Water Retention of Beef 


|. Variations in Composition and Properties among 


Eight Muscles ° 


(Manuscript received September 18, 1958) 


INTEREST in identi- 
fying the factors which affect the water retention of 
meat has recently been in evidence in the meats field. 
The practical goal of this research is the development 
of means of controlling and, when desired, enhancing 
the capacity of meat to retain water or juice. Present 
knowledge permits this to only a limited extent. 

Results of previous studies indicate that pH 
markedly affects water retention and, also that elee- 
trolytes exert an influence. The pronounced effect of 
pH value has been reported as a result of studies 
dealing with meat only (8, 9, 15, 18), and with meat 
containing additives (12, 22, 30). Known causes for 
variation in the pH values of meat include differences 
in laetie acid formation after slaughter (3, 19), in 
beef from animals of different age (20), and during 
the aging of meat (19, 31). Muscles of both the pig 
(27) and the horse (19) have been found to have dif- 
ferent ultimate pll values, ‘‘ultimate’’ pH being the 
low pH attained in the post rigor muscle. It has been 
reported that the effect of calcium and zine on the 
hydration of meat proteins is to decrease their water 
retention (11). The effect of the ions appears to be 

* Presented at the Eighteenth Annual Meeting of the Insti- 
tute of Food Technologists, Chicago, May 26, 1958. 


C. E. Swift and M. D. Berman 


Meat Laboratory, Eastern Utilization 
Research and Development Division, 
Agricultural Research Service, United 
States Department of Agriculture, 
Beltsville, Maryland 


appreciably influenced by pH, which has been re- 
ported to determine the amount and direetion of ion 
effects (11), and by the presence of ion-complexing 
agents such as the polyphosphates (10). It should be 
noted that muscle and meat pH values in this paper 
and in the literature cited are the pH values of ex- 
tracts or juice given opportunity to equilibrate to 
some degree with muscles or meat proper. A_ basis 
for assuming that the movement of ions during post 
mortem aging is related to the hydration and tender- 
ness of meat has been reported (1). The information 
available falls short of explaining differences in meat 
as reflected by variations in water retention, juiciness, 
and tenderness which, in part, is also thought to be 
affected by water retention. New light shed on vari- 
ations in meat as regards both composition and 
properties is needed to improve this situation, 
Previous investigations of water retention were 
made by different methods and generally have in- 
volved determination of the effects of variations in 
composition indirectly by the addition of salt solu- 
tions, adjustment of pH with acid, alkali, or buffers, 
and, on occasion, adjustment of ion content with com- 
plexing agents. In the present study a different 
approach was used, involving a comparative study 
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of the properties of muscles from the same and dif- 
ferent animals. By this means, variables related to 
the history of the samples were eliminated and vari- 
ation in composition and properties was obtained, 
without introducing extraneous materials, with the 
exception of water. The experiments involved deter- 
mining water retention, pH values, electrolyte com- 
position (calcium, magnesium, zine, iron, phosphorus, 
chloride, sodium, and potassium), and the proximate 
composition of eight muscles from each of four ani- 
mals and pH values and water retention of eight 
muscles from an additional animal. These results 
provide new information on variations to be expected 
in the composition and properties of muscles from the 
same, as well as from different, animals. 


The results were also used in investigating the 
pattern of the pH values and water retention of the 
series of muscles and in investigating relations be- 
tween water retention and composition. The inability 
of the correlations attempted to indicate the inde- 
pendent effects of variation of components was recog- 
nized, as was the fact that interpretation of trends 
based on analyses of total contents has obvious limita- 
tions that will be dealt with later in detailed studies. 
However, by considering both the degree and direc- 
tion of the correlations of the relationships investi- 
gated, the results provided new information on the 
relations between meat composition and water reten- 
tion and indicated promising areas in need of further 
investigation. 


EXPERIMENTAL AND RESULTS 


Animals and muscles used. Carcasses of two cows, a bull, 
a heifer, and a steer were obtained immediately after slaughter, 
and the 8 muscles named in Table 1 were separated. Separa- 
tion of the muscles from the carcasses and removal of separable 
fat and connective tissue required from 1 to 2 hours, measured 
from the time of slaughter. Each muscle was cut into cubes 
approximately 16 ce, in size, and the eubes were thoroughly 
mixed, 


TABLE 1 
Muscles selected and locations 


Muscle Location 
Fore quarter Hind quarter 
Longissimus dorsi Rib, chuck Sirloin, porterhouse 
Peoas Sirloin, porterhouse 
Semimembranoaus Round 
Serratua ventralis Rib, chuck 

(thoracic part) 
Rectus abdominus Plate Flank 
Semitendinosus | Round 
Latissimus dorsi Rib, chuck 
Trapezius Rib, chuck 


| 


Determination of water retention. The procedure applied to 
samples of each muscle was as follows: A suitable number of 
eubes was ground through a grinder equipped with a plate 
having approximately 5 mm. openings. Each of two 15 g.- 
portions of sample was weighed into tared cellulose centrifuge 
tubes (40 ml. capacity) and 15 ml. of cold, distilled water 
(0° C.) were added to each tube. Tissue and water were well 
mixed with a stirring rod and the mixtures were stored over- 
night at 0° C, Caps were placed on the tubes, approximately 
8 ml, of distilled water were added to each tube, and the mix- 


tures were centrifuged in a Spinco Model L,” fitted with head 
No. 30, for 20 minutes at 15,000 r.p.m. The supernatant liquid 
was decanted from the tubes which were inverted to drain for 
5 minutes. The pH values of the supernatant fractions were 
determined using a Beckman Model GS pH meter. The drained 
tubes and meat were weighed and the differences between the 
orig:nal and final weights were calculated and averaged. In 
the ecaleulations loss of extractives in the supernatant liquid 
were disregarded. The mean change in weight of the samples 
is reported as water retention, A wt./15 g. meat. 

Analytical methods. Modifications of the basie analytical 
methods used will be deseribed in a separate report (6). The 
following deseribes the general methods employed in analyses 
of muscles from all the animals, except those of the heifer, 
which were only used in the investigation of the relation of 
pH and water retention. 

A portion of the cubed sample obtained from each muscle 
was finely comminuted and mixed in a Servall Omni-mixer. 
The comminuted sample resembled a fine paste. Fifteen-gram 
aliquots of the paste were weighed into quartz crucibles and 
dried to constant weight by heating them for approximately 16 
hours at 105° C, The samples were then charred by heating at 
350° C. and ashed overnight at 550° C. (21). The ash was dis- 
solved in 6 N HCl and diluted to volume. Aliquots of the stock 
solution were used in determining sodium, potassium, calcium, 
magnesium, zine, iron, and phosphorus as follows: Sodium and 
potassium were determined by flame photometry (4), zine as 
the dithizonate in earbon tetrachloride solution (26), iron as 
the ortho-phenanthrolene complex (2), phosphorus as molybdi- 
vanadophosphorie acid (17), ealeium as the oxalate (5, 29), 
and magnesium with EDTA (16, 23) subtracting the contribu- 
tion of caleium., Fat was determined by a modified Babcock 
procedure on separate 9-g. samples of meat paste (25). Chloride 
was determined on separate 10-g. samples of meat paste using 
a modified Volhard method (7, 32). Moisture content was de- 
termined by the oven drying method (33). 

Average values obtained from pooled data on the fat, mois- 
ture, and protein (N% x 6.25) content of the muscles and the 
results of ealeulations of moisture-to-protein ratios based on 
these data are shown in Table 2. Averages of data obtained 


TABLE 2 


Average moisture, fat, and protein content and moisture/ 
protein ratios of 8 muscles from 4 animals 


Muscle content content 


Protein | Moisture: 
Moisture Fat | (N x 6.25) protein 
content 


ratio 


% % % 
Longissimus dorsi 74.15 2.48 22.60 | 3.28 
Psoas 72.95 3.83 20.60 3.54 
. Semimembranosus 73.90 1.85 22.10 3.34 
Serratus ventralis 70.90 8.30 17.90 3.96 
. Rectus abdominus 73.20 4.80 21.13 3.47 
Semitendinosus 74.20 2.10 21.95 3.38 
Latiasimus dorsi 74.75 2.53 21.18 3.53 
Trapezius 73.90 2.45 20.50 3.61 


in determinations of electrolytes are summarized in Tables 3 
and 4. The data obtained on determining water retention and 
the pH values of water extracts of muscles from 5 animals are 
shown in Table 5, along with the results of a statistical analysis 
of differences between individual muscles. The results of 
ealeulations of the correlation coefficients of relationships be- 
tween components and water-holding capacity are given in 
Table 6. 


DISCUSSION 


Muscles used in the investigation are named and 
their location in ordinary meat cuts is given in Table 
1. At the outset of the work the only indication of 


"The mention of specific trade names throughout this paper 
does not constitute endorsement of the product used over com- 
parable equipment. 
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TABLE 3 


Muscle iid 


21.99 

23.13 

Semimembranosus. | 23.12 
Serratus ventralia.. 3.26 | 17.09 
Rectus abdominus.. ese 4. 19.99 
Semitendinosus... 22.47 
Latisesimus dorsi 3.74 | 21.71 
Trapezius 4. 19.32 


TABLE 


Literature, beef, general |} 2.6—-12. | 19.0-31.8 
Found, range, individual muscles... re ie - 5. 14.0—25.7 
Found, average, all muscles...............c0cccccceeeeceee d | 21.1 


Literature citations 
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TAELE 5 


pH values and water retention of muscles 


Muscle no. | pH Water retention 


Average | Statistical 


value significance wt./15g. meat significance 


Average Statistical | 
| 
| | 

—1.74 

—2.51 

—2.59 

—2.92 

—2.99 

—3.01 

| 


The values (pH and water retention) for muscles opposite a bar 
are different from those not opposite the same bar (calculated from data 
on five animals, statistically significant at the 5% level, 8 degrees of 
freedom). 


TABLE 6 


Results of statistical analyses of relationships between 
properties of 8 muscles 
Correlation with water 
retention | (N% x 6.25) content 


Moisture 
Protein 
Moisture, % / 
protein, % 


+ I+ I+ I+ I+ I+ 


+ |+ [+ 14 


+0.604 


1 6 degrees of freedom. 


possible differences in the muscles was the various 
degrees of tenderness attributed to them by Rams- 
bottom (24). While differences in tenderness need 
not indicate differences in water-holding capacity and 
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4. Jaconson, M., anv Fenton, F. Food Research, 21, 427-435 (1956) 


Foundation Bull. No. 30 (1956). 


other properties, the limited guidance this provided 
proved useful as a basis for selection. As the present 
results indicate, sufficient variation in properties 
existed to satisfy the needs of the investigation. 

The results of the proximate analysis and the caleu- 
lations of moisture: protein ratios for the different 
muscles are given in Table 2. As indicated by the 
data, the muscles were low in fat and high in protein 
and moisture content, and tended towards leanness 
with the exception of the serratus ventralis muscles, 
which had some visible, but not readily separable, fat 
between bundles of muscle fibers. The results of the 
determination of calcium, magnesium, zine, sodium, 
potassium, iron, phosphorus, and chloride are re- 
ported in Table 3. As the results indicate, the content 
of electrolytes of individual muscles ranged widely. 
A comparison of the average content of electrolytes in 
the muscles with values reported in the literature for 
meat is given in Table 4. The values previously re- 
ported and those found are substantially in agreement. 

The 8 muscles of given animals are arranged in 
Table 5 in order of decreasing average pH values and 
water retention. The differences between the average 
pH values of the serratus ventralis (muscle 4) and 
the rectus abdominus (muscle 5), and between the 
pH values of these two muscles and those of the other 
six, were statistically significant. The average water 
retention of the serratus ventralis muscles was signifi- 
cantly larger than the average values obtained for the 
other muscles. Otherwise, differences between pairs 
of musele pH values or between the water retention 
of pairs of muscles were not significant. 

Analyses of trends of relations among the proper- 
ties of the eight muscles were made to provide a statis- 
tical basis for interpreting results. The animals were 
slaughtered over a period of several months. As work 
on muscles of the individual animals was completed 
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Average content of electrolytes of 8 beef muscles from 4 bovine animals, mg./100 g. ; 
3.6 43.0 415 73 172 40.3 
2 43.8 383 60 179 44.2 j 
2 39.5 411 85 170 42.9 
7 52.7 336 51 154 | 55.0 , 
5 53.2 393 55 176 55.7 
2 42.7 136 16 170 48.5 ‘ 
4 49.0 405 56 184 53.7 en 
3 64.2 381 60 | 164 | 72.9 
Content of electrolytes in beef muscles 
Ca | Mg Zn Na Fe P el 
(1,6) (1,2,8) (1,8) (1,2) | (1,4) (6) 
4.7-6.1 41-67 1,5-3.7 131-186 
1.2-8.3 36-85 | 1.6-5.5 109-213 34-91 
4.2 38.5 2.7 171 | 51.6 
4 
5 | 
8 
7 
1 
3 
6 
Component r 
| 40.947 m .028 01. | —0.892+.086| 
Zn +0.912 .046 01 | —0.631+.165 | .10 
Fe +0.648 | 10 | —0.709 + .178 | 05 
Na | -+0.634 165 —0.525 + .199 | yt 
| —0.718 .133 05 | 
ge |} —0.854 074 | att 
| + O.R61 O71 oO 
Fat | +0.268 067 o1 } 
a +0.519 201 | n.s 0.456 + .218 i 
Oa ~0.779 05 $0,827 + .087 .01 
Mg —0.952 8.038 40.806 + .097 02 
K |}—0.811 8.094 +0.937 + .033 
P 0.5448 ns. | 175 10 
| 
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the data obtained were analyzed. The statistical 
analyses involved calculating linear regression equa- 
tions and coefficients, and testing the significance of 
correlation coefficients. The results of calculations 
based on the data obtained on individual animals 
indicated that the same relationships were significant 
in each case. Subsequently, the data on each of the 8 
muscles of the 4 animals (5 animals in the case of the 
pH values and the values for water retention reported 
in Table 5) were averaged, and the averaged data 
were statistically analyzed. The relationships derived 
from the averaged data completely agreed with those 
based on data obtained on the muscles of individual 
animals, except that the correlation coefficients ob- 
tained on analysis were somewhat higher. These aver- 
aged data would yield significant correlations only if 
the relative order of the muscles, with regard to water 
retention and to other properties, tended to follow the 
same pattern from animal to animal. Following this 
procedure, a number of significant correlations be- 
tween properties of the muscles were found; hence, 
the results indicate that certain differences in the 
muscles of the animals followed a pattern. 

The data in Table 6 show the results of statistical 
analyses of the relations between the water retention 
and components of the muscles, and between protein 
content (N% x 6.25) and the content of other com- 
ponents. The results indicate that water retention 
was inversely related to protein content (N% x 6.25). 
Further, as is shown, the correlations could be separ- 
ated into two groups; one, of components which 
varied positively with variations in water retention 
and negatively with variations in protein content, 
and another, of components which varied nega- 
tively with variations of water retention and 
positively with variations of protein content. The 
data generally indicate that components positively 
associated with increasing water retention were nega- 
tively associated with increasing protein content and 
vice versa. A second generality of possible signifi- 
cance is that components which may be considered as 
intracellular components, including calcium, mag- 
nesium, potassium, phosphorus, and the bulk of the 
protein, were found to be inversely associated with 
water retention, while the trend of sodium and chlo- 
ride, which are mainly expected to be components of 
extra-cellular fluids, were found to be directly associ- 
ated with water retention. 

The negative correlation between water-reten- 
tion and protein content, in which protein content 
was calculated using the generally based relation, 
per cent N x 6.25 equals per cent protein, was highly 
significant (r = 0.854 + .074, P < .01). This inverse 
relation is paradoxical, inasmuch as protein is the 
component of muscle assumed to be principally re- 
sponsible for water retention. Interpretation of the 
results involves consideration of the validity of the 
asumption that content of nitrogen and protein in 
the 8 muscles had a constant relation, whether by a 
factor of 6.25 or by any other. Inasmuch as minor 
variation in the proportion of protein to non-protein 
nitrogenous substances would not affeet the inverse 
relation found between water retention and protein 


content, and the occurrence of wide variations has 
not, as yet, been reported, the validity of expressing 
per cent N x 6.25 as per cent protein, in this case has 
been tentatively aceepted. In rigorous aspect it 
should, however, be noted that nitrogen, not protein, 
was determined. 

As shown by the data given in Table 6, increasing 
pH values were found to be closely correlated with 
increasing water retention (r = .947 + .028, P < .01). 
This confirms the results previously reported (8, 9, 
15). Assuming pH to be the significant parameter 
and the pH of the series of museles to be inversely 
related to protein content provides an explanation for 
the paradoxical relation of protein content to water 
retention. Investigations are in progress to obtain 
information on the relative proportions of different 
constituents of the muscles affecting pH, such as 
glycogen, lactic acid, and buffers, as is needed to de- 
termine the validity of this asumption. Consideration 
of the relation of pH to water retention requires 
recognition of its complexity, specifically noting that 
pH is reported to affect the binding of ions to proteins 
and, consequently, influences water retention (/0) 
and, conversely, that ion-binding may be expected to 
influence the buffering capacity of protein, thereby 
influencing pH (28). 

To the limited extent that zine is mentioned in the 
literature concerned with water retention (10), its 
action has been considered to be similar to that of 
calcium in that its binding to the structural proteins 
of meat has been assumed to have an adverse affect on 
water retention. Although zine may, in part, have 
this tendency, it is parallel to pH in its relation to 
water retention suggesting that zine may participate 
as a component, or an activator, of an enzyme the ac- 
tion of which may partly determine pH differentials. 
The formation of lactic acid from glycogen apparently 
varies, adding to the complexity of the system which 
determines pH (19). 

The data in Table 6 show that increasing moisture- 
protein ratios were directly associated with increasing 
water retention. As can be seen from even cursory 
inspection of the results given in Table 2, the moisture 
content of the muscles did not vary to the extent that 
protein content varied, producing ratios of moisture 
to protein ranging from 3.28 to 3.96. An extensive 
discussion of variation of water-to-protein ratios in 
different meats has been published revealing vari- 
ations among cuts of meat and differences relate | to 
the age, condition, and finish of animals from which 
meat is obtained (14). The problem in controlling the 
composition of sausage arising from these variations 
was cited. The problem would be increased, if differ- 
ences in water-to-protein ratios in meats are accom- 
panied by variation in water retention as in the case 
of the series of muscles presently discussed. Also, the 
data in Table 6 show that the tendency of increasing 
water retention to be accompanied by increasing fat 
content was marked (r = .868 + .067, P < .01). This 
would appear to be a reflection of some other factor, 
or factors, directly influencing water retention, inas- 
much as fat itself is recognized as having little ten- 
deney to hold water. In beef fatty tissue water-to- 
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protein ratios ranging from 2.8 to 4.6 have been re- 
ported (14). 

The data in Table 6 also show that calcium, mag- 
nesium, and potassium content varied inversely with 
water retention, and, on the other hand, inereased 
with increasing content of protein. The protein con- 
tent and calcium, magnesium, and potassium content 
were found to be directly and closely related (r = .827 
+ .087, P < 01; r = .806 + .097, P < .02; and r = 
937 + .033, P < .01, respectively), indicating that 
the content of these ions was related to protein con- 
tent in relatively constant proportions. Phosphorus 
content also tended towards a similar relation to pro- 
tein content, but the relation was significant only at 
the 10% level (r = .604 + .175). 

The data show that iron, sodium, and chloride con- 
tent tended to be directly related to water retention 
and to be inversely related to protein content; these 
relations, however, were not statistically significant, 
except that the content of iron was inversely related 
to protein content (significant at the 5% level). As 
previously pointed out, the correlations attempted do 
not indicate the independent effects of variation of 
single components, as has been the goal in previous 
work (10, 11, 12, 30). The data do show that, in a 
series of muscles arranged in order of increasing 
water retention, there was found to be positive corre- 
lation with increasing pH, zine and fat content, and 
‘“atios of moisture to protein, and negative correla- 
tion with components, including protein content 
(N% x 6.25), and calcium, magnesium, and potassium 
content. 


SUMMARY 


A comparative study of the composition and 
properties of eight different muscles from bovine ani- 
mals was conducted in an investigation of factors 
which influence water retention. Water retention is 
defined as the change in the weight of the experi- 
mental meat samples after mixing the meat with dis- 
tilled water (1:1) and centrifuging the meat-water 
mixtures for 20 minutes at 15,000 r.p.m., following 
overnight storage of the mixtures at 0° C. 

The results indicate that considerable variation 
existed with respect to water retention and pH and 
the nitrogen, fat, moisture and electrolyte content of 
the muscles. The results further indicate that the 
relative order of the muscles of the different animals 
followed a pattern with regard to water retention, pH 
and a number of other properties. 

Statistically significant correlations were obtained 
between water retention and directly related com- 
ponents, including pH, zine and fat content, and 
ratios of moisture to protein, and inversely related 
components, including protein content (N% x 6.25), 
and caleium, magnesium, and potassium content. 

A direct, highly significant correlation was found 
between water retention and zine content, in contrast 
to the inverse relation found between water retention 
and either calcium or magnesium content. This infor- 
mation indicates that zine differs in an important 
aspect from the two other ions. The possibility that 


zine may participate in determining pH as a com- 
ponent of an enzyme system is pointed out. 

The ratio, moisture/protein content, was found to 
be directly related to water retention, hence, the re- 
sults show that the relative ability of the muscles to 
hold added moisture was predictable on the basis of 
the original proportions of moisture and _ protein 
present. 

The analysis of factors influencing water retention 
is a complex problem. The present results have 
opened new channels for investigation; specifically, 
one of these concerns determination of factors in- 
fluencing pH, including zine containing enzymes, and 
the other, the paradoxical relation noted between 
protein content and water retention. 


LITERATURE CITED 


ARNOLD, N., Wierpick!, E., anp DearHerage, F. E. Post 
mortem changes in the interaction of eations and pro 
teins of beef and their relation to sex and diethylstil- 
bestrol treatment. Food Technol., 10, 245-250 (1956). 

2. Banpemer, 8. L., AND ScHaisie, P. J. Determination of 
iron. Ind. Eng. Chem., Anal. Ed., 16, 317-319 (1944). 

4. Bate-Suiru, E. ©. Observations on the pH and the re 
lated properties of meat. J. Soc. Chem. Ind., 67, 83-90 
(1948). 

Beckman Manual No. 334-A. Models DU and B flame spee- 
trophotometers. 

. Bereer, E. Y. Calcium determination in biologie material. 
Clinical Chem., 1, 249-252 (1955). 

}. Berman, M. D. Determination of the proximate and elee- 
trolyte content of beef. In manuseript. 

. CALDWELL, J. R., AND Moyer, H. V. Determination of 
chloride. A modification of the Volhard method. Ind. 
Enq. Chem., Anal. Ed., 7, 38-39 (1935). 

. Grav, R., Hamm, R., ann BaumMAN, A. Water-binding 
eapacity of mammalian muscles. The influence of pH 
values on the water-binding of ground beef muscles. 
Biochem. Z., 325, 1-11 (1953). 

. Haun, J. L., Latscnar, C. E., Mackintosa, D, L. 
Quality of Beef. IV. Kansas State Ag. Exp. Sta., Tech. 
Bull, 58 (1944). 

Reiner. Minerals in meat and meat quality. 
Fleischwirtschaft, 8, 340-343 (1956). 

HamM, Reiner. Water-binding capacity of mammalian 
musele. III. Aetion of neutral salts. Z. Lebensm.-Unter 
such, u. Forsch., 106, 281-297 (1957). 

2. Ham™, Reiner. Water-binding capacity of meat and its 
commereial importance. Deut. Lebensm. Rundschau, 49, 
153-160 (1953). 

Howarp, A., aNp Lawrig, R. A. Studies of beef quality. 
IV. Food Investigation Report No. 64 (1957). 

Institute of Meat Packing. Sausage and Ready-to-Serve 
Meats. 1951. University of Chicago, Chapter ITT. 

5. JANIcKI, M. A., AND WALCZAK, Z. Absorption of water by 
meat. Przem. Rol. Spoz., 8, 404-07 (1954). 

Kenyon, ©. A. Determination of magnesium in alkali 
products. Anal. Chem., 27, 1125-1128 (1955). 

Kitson, R. E., AaNp M. G. Colorimetric determina- 
tion of phosphorus as molybdivanadophosphorie acid. 
Ind. Enq. Chem., Anal. Ed., 16, 379-383 (1944). 

. Kormenpy, L., AND GANTNER, G. Procedures for deter- 
mining the water absorption and water binding ability 
of meat. Elemez. Ipar., Budapest, 8, 172-179 (1954). 

. Lawrie, R. A. Residual glycogen at high ultimate pH in 
horse muscle. Biochim. et Biophys, Acta, 17, 282-283 
(1955). 


| 
|) 
elt 
| | 
| 
| 
| 


370 


20. Marsn, B. B. Rigor mortis in beef. J. Sci. Food Agr., 5, 
70-75 (1954). 

21. Mippieron, G., anp Sruckey, R. E. Preparation of biologi- 
eal material for the determination of trace elements. I. 
A eritieal review of existing procedures. Analyst, 78, 
532-542 (1953). 

22. Monuer, K., anp Krexmeter, F. The effect of the additions 
of inorganic phosphates on animal proteins. II. The 
effect on the swelling of meat proteins. Z. Lebensm.- 
Untersuch. u. Forach., 96, 90-98 (1953). 

22. Parvon, J., anp Reeper, W. New indicator for titration of 
ealeium with ethylenediaminetetraacetate. Anal. Chem., 
28, 1026-1028 (1956). 

24. Ramssorrom, J. M., Stranpine, E. J., anp Koonz, C. H. 
Comparative tenderness of representative beef muscles. 
Food Research, 10, 497-509 (1945). 

25. Sawin, H., Biocn, I. K., anp J. H. Rapid de- 
termination of fat in meat products. J. Agr. Food 
Chem., 3, 588-593 (1955). 

26. Sanpet., E. B. Colorimetric Determination of Traces of 
Metals. 1950. 2nd Ed., Interseience Publishers, New 

York, N. Y. 


Chlortetracycline in Ice 


(Manu-cript received December 10, 1958) 


Suice CHLORTETRACYCLINE-contain- 
ing ice is widely used for keeping the trawler’s 
catches fresh in the western sea area off Japan, a 
practical field method for determining chlortetra- 
eycline (CTC) ineorporated in ice is required to 
establish levels of concentration, distribution, and 
destruction of the antibiotic in the ice. 

The present investigators reported previously on a 
modified acid colorimetric method for determination 
of CTC in ice (11). This method, however, was found 
in some cases to give higher values for CTC than the 
microbiologic method does. When it was learned that 
the American Cyanamid Company employs ultra- 
violet lamps in routine field testing for detecting CTC 
in the use of Acronize on poultry and that the alumi- 
num ion enhances the yellow greenish fluoresence of 
CTC under ultraviolet light (7), a new approach was 
suggested. The present study was undertaken to 
establish a practical quantitative fluorometric method 
for CTC determination. 


EXPERIMENTAL PROCEDURE 


1, Materials and Standard Curve 

A, Standard reagents 

(1) A 1% potassium alum (KAI(SO,).+ 12H.0) solution 
in M/2 acetate buffer of pH 4.6. 

(2) M/50 eitrate buffer of pH 5.2. 
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B. Standard solution series 


(1) For laboratory Beekman spectrophotometer determina- 
tion: 

(a) Preparation of stock solution: Dissolve 100 mg. of CTC 
hydrochloride in distilled water and dilute to 200 ml. Place 
l-ml. aliquots in small test tubes, stopper, freeze and store in 
freezer. These frozen aliquots can be preserved for 2 months. 

(b) Preparation of standard solutions: To prepare standard 
solution series, dilute 1-ml. of stock CTC to 100 ml. with dis- 
tilled water and prepare a series of test tubes containing 2, 4, 
6, 8 and 10 ml, respectively. Bring the final volume of al! the 
tubes to 10 ml. with distilled water. This standard solution 
series will cover a concentration range of 1 to 5 meg./ml. As 
these standard solutions are subject to deterioration at room 
temperature, it is advisable to mix them with 1 ml. of the alum 
reagent shortly after their preparation. The alum containing 
standard solution shows a consistent fluorescence for 3 hours 
at room temperature. 


(2) For field determination: To a series of flat bottom test 
tubes of 27 mm. in diameter add 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10 
ml., respectively, of the diluted stock solution, and adjust 
volume of all the tubes to 10 ml. with distilled water. This 
standard solution series will cover a range of 0.5 to 5 meg./ml. 
Shortly after the final dilution the standard solutions shall be 
mixed with 1 ml. of the alum reagent. The reagent-containing 
standard solution can be employed for a week when kept in 
refrigerator as it shows only a 10% increase in the fluorescence 
during the storage. 


2. Method of Determination 
A. Preparation of sample. Place a representative 300 g. 
aliquot of ice sample in a beaker or polyethylene bag and thaw 
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by placing it in running water. Shortly after thawing add 2 ml. 
of M/50 citrate buffer of pH 5.2 to a 50 ml. thawed aliquot. 

B. Precise determination by using Beckman spectrophotome- 
ter. After adding 1 ml. of the potassium alum reagent to a 10 
ml, aliquot as directed above, allow it to stand from 20 to 60 
minutes at room temperature. Measure the fluorescence of the 
sample at a wave length of 500 mys which is produced with 
excitation light of 365 my. Similarly, measure the fluorescence 
of the other alum-containing standard solutions, subtract the 
blank value from each measured intensity of fluorescence, and 
draw a standard curve by plotting the intensity of fluorescence 
against the concentration of CTC. A representative standard 
eurve is shown in Figure 5. From the standard curve read the 
CTC concentration of the ice sample corresponding to the in- 
tensity of fluorescence from which the blank value is subtracted. 

C. Routine field estimate. Place 10 ml. of a supernatant 
thawed sample in a flat bottom test tube of 27 mm. in diameter, 
and add 1 ml. of the alum reagent. After allowing the sample 
to stand for 5 to 10 minutes, observe the fluorescence from the 
top of the tubes while irradiating with the black ray lamp from 
the side. Estimate CTC concentration of the ice sample by 
comparing the fluorescence of the sample with those of the 
standard series. 


RESULTS 


1, Metals capable of producing fluorescent CTC-chelates 
when irradiated with ultraviolet light. A qualitative test re 
vealed that CTC yielded yellowish fluorescence in the presence 
of such metal ions as aluminum, thorium, zine, barium, manga- 
nese, lead, strontium, tungsten, caleium and magnesium. As 
seen from Table 1, a comparatively strong fluorescence was 
observed in chelates of aluminum, thorium and zine when the 
metal salts were on an equivalent ratio of 1:1 with CTC. It is 
to be noted that CTC showed exceedingly high fluorescence in 
the presence of potassium alum. 

2. Fluorescence curves for metal chelates of CTC and its 
decomposition products. The fluorescence curve for aluminum- 
CTC chelate is illustrated in Figure 1. Maximum fluorescence 
was found at a wave length of 500 my. Figure 1 also shows 
that CTC which was inactivated by ferric ion or chlorine gave 
only a slight fluorescence whereas isochlortetracyecline (iso- 
CTC) gave a noticeable intensity of fluorescence at 500 mu. 
The error due to the fluorescence at 500 my of iso-CTC in the 
presence of aluminum ion can be calculated from the fluores- 
cence curves for CTC and iso-CTC which are shown in Figure 
1. Table 2 indicates that the extent of this error experimentally 


TABLE 1 
Relative intensity of fluorescence of metal-CTC chelates’ 


| % Intensity of 
Kinds of salt |Concentra- fluorescence 

| | pH 4.6 | pH 6.0 
AIK (804)2 00496 | 500 | 41 (48) | 77 (26) 
4H20... 00198 | 500 | 12 (13))15 
Th(NOs)« 4H20....... .00580 | 510 |12(6) | 6 
MgS0O« 7H20... 00258 | 510 1 2 
.| 00296 | 500 0 1 
Pb(CHsCOO)s 00396 | 500 2 2 
+ 2H20......... .| 00154 | 470 5 
AN( NOs) 00353 | 470 6 6 


'10 mi. of CTC (5 meg./ml.) in M/16 acetate buffer (pH 4.6) 
plus 1 ml. of metal salt solution. 

Values were obtained shortly after mixing with the reagent, and 
values in parenthesis were those after a 20-minute standing. 


TABLE 2 
Interference caused by presence of iso-CTC 


Sampe solution | Calculated | Found 
cto. iso-CTC cto, | | % 
meg./ml. meg./ml. | meg./ml. error meg./m). error 
i | 1 4.15 | 3.7 4.20 5.1 
3 2 3.25 | 8.3 4.29 9.6 
2 3 2.38 =| 19.0 2.34 16.7 
1 4 1.50 50.0 1.49 49.0 
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Fluorescence Reading 


Wave Length of Fluorescence (my) 


Figure 1. Fluorescence curve of CTC and decomposed CTC 
in the presence of aluminum ions. 


obtained was close to the calculated one. This error can be 
neglected, however, since less than 20% of CTC in ice was 
found to change into iso-CTC, It is to be noted that when the 
excitation wave length of 436 mu was employed, the percentage 
error due to the presence of 4 meg. of iso-CTC in 1 meg. of 
CTC per ml. was both caleulated and found to be reduced by 
one-half, 


3. The effect of pH on the fluorescence. The stability of 
metal chelate compounds is usually governed by pH value of 
the solution. Figure 2 illustrates that the fluorescence was 
stable at 4.6 but not above 5.9. The instability of the fluores- 
eence in pH range above 5.9 seems likely to be due to deposi- 
tion of the aluminum chelate above this pH value. Henee, it 
was decided to measure the fluorescence at pH 4.6. 

4. The effect on the fluorescence of the amount of the alum 
reagent and time of standing after the addition of the reagent. 
The effect of varying the amount of the alum reagent on the 
fluorescence is illustrated in Figure 3. The fluorescence varied 
very little with increasing amounts of the reagent. In the 
actual determination, therefore, 1 ml. of the reagent is added 
for convenience to a 10-ml. aliquot of a sample solution. 


100 


fe) l l | 1 
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Figure 2. The effect of pH on the fluorescence of aluminum- 
CTC complex at 500 mu. To 10 cc. of 5 mcg./ml. CTC in M/2 
acetate buffer was added 1 ml. of 1% K Alum. 
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Figure 3. The effect of the alum reagent on the CTC fluores- 
cence at 500 mu. 


The change of the fluorescence with time elapsed after the 
addition of the alum reagent is shown in Figure 4. It is clearly 
seen that the fluorescence reached a stable value after a 20- 
minute standing at room temperature. 
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Figure 4. The effect of time of standing after the addition 
of the alum reagent. 


5. The relationship between CTC concentration and fluores- 
cence of aluminum-CTC chelate. Under the optimum condition 
described above for producing the maximum fluoresence it was 
demonstrated that the intensity of fluorescence of aluminum- 
CTC chelate at 500 mys varied proportionately with the CTC 
concentration up to 8 meg. per ml. Figure 5 illustrates this 
linear relationship. The regression line of the fluorescence on 
the eoncentration caleulated from data given in Table 3 is 


TABLE 3 
Data for a standard curve 


Average, 
+> stand. 
dev. 


Fluorescence readings 


102 103 102 107 102.8 + 
93.0 95.1 93.0 3. 93.5 
75.5 77.6 76.2 
66.2 65.0 66.2 
52.0 51.0 48.0 
41.2 41.6 39.9 
30.5 29.5 30.4 
17.0 16.0 18.1 

3.3 3.8 3.0 


eos 


HH HH 


Fluorescence Reading 


5 6 7 
meg /ml. 


Figure 5. A linear relationship between CTC concentration 
and fluorescence at 500 mu. 
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y = 12.4(x—4) + 53.5 where y is the intensity of fluorescence 
and x, CTC concentration. The 99% confidence limits for the 
regression coefficient are 12.4 + 0.35. 

It was noticed that in the higher concentration range the 
measurement should be made shortly after mixing the sample, 
otherwise lower values were obtained, resulting in a discrepancy 
from the linear relationship. 

6. Comparison between CTC values determined by micro- 
biologic acid colorimetric, the Sakaguchi and Taguchi’s, Japan 
FDA’s and the proposed fluorometric method. Ices containing 
earboxymethyleellulose, CTC and sodium bisulfite or sodium 
thiosulfate were analyzed for CTC by various methods. The 
results are presented in Tables 4, 5 and 6. It will be seen that 
the fluorometric method yielded CTC values comparable to 
those respective ones assayed by the microbiologic method (10). 
Higher values were obtained by both the acid colorimetric 
method (11) and Sakaguchi and Taguchi’s method (3), where 


TABLE 4 


Comparison of analytical data for CTC in ice assayed 
by various methods 


The fluorometric Acid colorimetric 
Pad plate method method 
microbiologic —— 
metho % 
meg./g. meg./g. meg./g. 


dev. from 


noe anaes 
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TABLE 5 


A comparison between values for CTC in ice determined by the 
pad plate microbiologic method, the fluorometric method 
and the method of Sakaguchi and Taguchi 


Microbiologic | The fluorometric Sakaguchi and 
method | method Taguchi's method 


meg./g@. meg./g. 


TABLE 6 
A comparison between values for CTC in ice determined by the 
pad plate microbiologic method, fluorometric method 
and the FDA (Japan) method 


Spectro- Field method, Mean dev. ag or A 

photometric average of 4 of 4 4 
method | observations observations 


| 


| 


The present fluorometric method 


Microbiologic 
hod 


4.6 


ie is 


cue 


axis 
tem 


or te 


as lower values were generally obtained by the FDA (Japan) 
procedure. The latter method is a modification of fluorometric 
method for iso-CTC determination in which the measurement is 
made after a 15-minute standing of a mixture of 95 ml. of 
sample and 5 ml. of 5N NaOH, 

Data in Table 6 indicate that a simple visual comparison 
between the sample and the standard series yielded values 
comparable to the respective ones measured fluorometrically by 
the Beekman spectrophotometer. 


DISCUSSION 


Ishidate and Sakaguchi (2) and Sakaguchi et al. 
(4-8) made extensive studies on metal-CTC chelates. 
Sakaguchi and Taguchi (3, 9) made use of the ab- 
sorbance of thorium-CTC chelates at 400 my for the 
determination of CTC in aqueous solution as well as 
in biological materials. It has been found, however, 
that the yellow fluorescence herein reported is more 
sensitive to low CTC concentrations than is the yel- 
low coloration of thorium chelate. It has been further 
demonstrated that Sakaguchi and Taguchi’s method 
is not appropriate for CTC assay in ice since values 
obtained by their method are always higher than those 
by the microbiologic method. 

The widely used fluorometric method for the deter- 
mination of CTC employs the blue fluorescence of 
alkali-treated CTC, i.e., iso-CTC. So far as the au- 
thors are aware, no attempt has been made to utilize 
the fluorescence of the metal chelate for a chemical 
assay of CTC. 

One of the advantages of the proposed method is 
that the fluorescence of aluminum-CTC chelate is not 
affected by the presence of decomposition products of 
CTC, nor by turbid substances in the sample. The 


feasibility of the fluorometric method for CTC assay 
in ice is evidenced by data indicating a fairly good 
agreement between values for CTC in ice as assayed 
by the fluorometric method and microbiologic method 
as contrasted to the other methods. Another advan- 
tage is that the procedure is simple enough to permit 


field assay for CTC without special laboratory facili- 


ties. The method is sufficiently precise as a field esti- 
mate of CTC since it can differentiate as small a 
difference as 0.5 meg. per ml. by a simple visual 
comparison. 


SUMMARY 


A new fluorometric method for determining CTC 
in ice or in solution has been presented. The method 
was established by data showing a linear relationship 
between CTC concentration and intensity of fluores- 
cence of aluminum-CTC chelate and also little inter- 
ference due to presence of decomposition products of 
CTC. A fairly good agreement was obtained between 
CTC values as assayed by the microbiologic method 
and the proposed fluorometric method. This method 
can be employed for field assays of CTC concentration 
in ice, 
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I, IS TIMELY suggest to tech- 
nologists that they take a more active and aggressive 
role in the instrumentation of food processing plants. 
It could well be that a general up-grading of plant 
efficiency, quality, and yield would result. Food 
technologists are currently active in specifying and 
determining and improving the ‘‘ production environ- 
ment’’ of food processing, thereby insuring quality 
and general acceptance of food products. They have 
a voice in choosing processing equipment, and they 
advise on procedures and ingredients. As a result, 
the food processing plants over the nation have pro- 
duced more saleable products. A similar, vigorous 
attitude toward instrumentation would result in well 
engineered control systems of real economic value to 
the food processing industry. 

There is a tendency to deal with process instrumen- 
tation in the food industry in a rather vague and in- 
complete manner, rather than to seek to fully inte- 
grate all phases into a homogeneous system. By 
contrast, the chemical and petroleum technologists 
take an active part in determining instrumentation. 
It is not uncommon for the chemical and petroleum 
industry to spend from 5 to 10% of their plant expend- 
itures on instrumentation, and percentage-wise the 
time allotted to study all phases of the instrumentation 
is extremely high. Since the yield and quality of the 
product is closely linked to the accuracy of his judg- 
ment, it is imperative that the chemical (or petro- 
leum) technologist have proper tools at his disposal. 
The food technologist has a comparable role and an 
equally vital interest in product quality and yield. 


ENVIRONMENTAL CONTROL SYSTEMS 


Most food processing plants accept and extensively 
use an environmental control system. Typical locally 
mounted controls are illustrated in Figures 1 and 2. 
Usually, the controller is adjacent to the equipment 
being controlled, even though a complex coordinated 
system is involved (the term co-ordinated control 
designates a combination of several control elements 
into a single unified system designed to make a unit 
process operation completely automatic). Figure 1 
illustrates a coordinated retorting system; the oper- 
ator’s responsibility is limited to loading the retort, 
closing the lid and removing the basket. The illus- 
trated system interchangeably handles tin and glass 
processing, automatically sequencing and controlling 
all necessary variables, such as venting, processing 
temperature and pressure, timing and cooling. Elec- 
trical interlocks are so arranged that unless a previous 
requirement, time, temperature, ete., are satisfied, the 

* Presented at the Eighteenth Annual Meeting of the Insti- 
tute of Food Technologists, Chicago, Illinois, May 28, 1958. 
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Figure 1. Locally mounted controls: a coordinated retorting 
system. 


Figure 2. Controls mounted adjacent to the cooker, a further 
example of locally mounted controls. 


next sequence can not be initiated. The key advan- 
tages, of course, are uniformity and repeatability in 
reference to the processed product regardless of exter- 
nal service variations. 

Figure 2 illustrates a cooker with all instrumenta- 
tion and controls mounted on a panel just adjacent 
to the cooker itself. This control system can run un- 
attended until some off-normal condition exists which 
will allow alarm control circuits to cause a fail safe 
condition. Other examples of locally mounted control 
systems or blanchers, heat exchangers, or brine den- 
sity control on a pea grader could also be illustrated. 

These figures all illustrate the general acceptance of 
instrumentation. However, they fall into the category 
of sub-station control and obviously, if the co-ordina- 
tion of these and any other pieces of equipment are 
necessary, the adjustments of controllers (as required ) 
must be made in the plant area in which the equip- 
ment is located. 
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CENTRAL STATION CONTROL 


wiany years ago, the chemical and petroleum indus- 
tries used this general approach to instrumentation, 
but have abandoned the sub-station type control, and 
are now using almost exclusively a central control 
room to check, adjust, and optimalize all phases of 
their production. The supervisory control or central 
station control approach to instrumentation is recog- 
nized as a ‘‘must’’ in these industries. 

These systems, originally a series of unit processes, 
have been integrated into a continuous operation. 
Most food processing plants can be modified in a 
similar fashion to permit a continuous controlled 
operation. 

Figure 3 illustrates a typical control board in a 
petroleum refinery or chemical plant where most of 
the environmental control adjustments, production 
rates, ete., are adjusted from this central control panei 
board. The responsibility for quality and production 
is in the hands of a small group of highly trained 
operators, The supervision of all phases of this process 
is co-ordinated at this nerve center. Figure 3 shows a 
central control board; the actual diagram of the 
processes, controls, and control valves are placed in 
the panel board. The variables that are controlled or 
measured are placed pictorially where they are meas- 
ured or controlled. These plants have a common prob- 
lem with most food processing plants. ‘‘ Mother 
Nature,’’ in producing the raw materials, does not 
produce uniformly. Consequently, decisions are con- 
stantly being made to alter the environmental vari- 
ables being controlled so that optimum production 
results. Speed in making these decisions and the 
ability to adjust the variables under control make it 
possible to minimize any losses and reduce blending 
or re-runs necessary in producing quality product. 


Figure 3. A typical control board in a petroleum refinery or 
chemical plant. Environmental control adjustments derive from 
this ‘‘nerve center.’’ 


Making adjustments. The convenience of making 
adjustments is very important in these plants; with 
high production rates, the duration of off-normal con- 
ditions is directly related to the cost of production. 
Certainly the food processing plant has a similar re- 
quirement for acting rapidly and wisely because they 
do not always have the opportunity of making blends 
or re-running the product as the petroleum or chemi- 
cal plant does. Actually, the food processing plant 
has a greater risk because if the food is being run 
off-normal, it could be either a total loss or down- 
graded to the extent that profit is lowered or lost 
entirely. 

Mentally picture your own plant with local control 
systems in the 4 corners of the factory. Now visualize 
the time when off-normal conditions exist and relate 
into the minutes the time it takes for your supervisors 
to assemble, confer, make decisions, and act in order to 
get the plant running smoothly again as an integrated 
unit, 

Mentally bring the instrumentation to one central 
panel board; variables can now be observed at this 
panel board without a plant tour. Therefore, the time 
lag, to understand the real problem, is reduced, and 
immediate optimalizing adjustments are possible. 


CANNING LINE CONTROL 


Figure 4 illustrates the graphic approach to a sim- 
ple canning line with three sets of blancher and 
quality grader controls, and one Food Machinery 
and Chemical Corporation continuous cooker control. 

Figure 5 illustrates a central station panel board 
which is one of the first, if not the first, to attempt to 
centralize the control of the canning plant. 

Figure 5 is an installation at Libby, MeNeill and 
Libby in Wallaceburg, Ontario, Canada, The panel 
represents a large percentage of the instruments used 
in processing a variety of vegetables. The upper cen- 
ter portion of this panel board has nine miniature 
recording controllers. Immediately below the re- 
corders are indicating controllers. Below the indi- 
cators are a series of lights which indicate hopper 
levels or show the operator which pump or other piece 
of processing equipment is operating. On the ex- 
treme right of the control panel are counters for 
tabulating the total production of corn cutters and 
huskers. The three round dials on the left hand side 
of the panel board indicate to the operator the speed 
of the feed elevators and immediately below each of 
these dials are the devices for adjusting the speed 
or ‘‘stopping and starting’’ the elevators. 

The actual instrumentation involved here is not too 
different from the sub-station type of control except 
that the panel board and the measuring devices are 
separated by electric wire or copper tubing. The field 
instrumentation consists of transmitters as illustrated 
in Figure 6. These measuring elements transmit sig- 
nals to the central station control board; the re- 
corders and controller at the control board operate 
control valves at processing equipment location. These 
transmitters permit narrower ranges than are now 
available with conventional type instruments. Range 
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Figure 5. An installation at Libby, McNeill and Libby, 
Wallaceburg, Ontario. 


span adjustments are made with a screwdriver, mak- 
ing the instrument more versatile. Since these devices 
are small and lightweight, they are easily shifted from 
one piece of equipment to another. Therefore, these 
instruments are multi-purpose devices. Several of 
the instruments on this panel board as shown in 
Figure 5 illustrate this multiple purpose. Actually, 
the top row of recording controllers are used for con- 
trol on several processes. The same recorder on this 
board can be used as a control mechanism during 
the procesing of peas and later used during the corn 
season or pumpkin season with only minor changes. 


Regarding the remote adjustment of the feed ele- 
vator, a diaphragm motor operates the variable speed 
drive and the operator at the control board can stop 
and start the motor; a simple adjustment of the re- 
ducing valve at the panel board will give him an 
infinite number of speeds between 0 to 100% of maxi- 
mum speed, 

Many of the local control systems applied to specific 
stations in this plant are such that they are virtually 
unattended except for the supervising operator at the 
panel. 

At other stations, the processing is either controlled, 
stopped or started depending upon a preceding opera- 
tion or supply condition. Obviously, this nerve center 
permits correlation at one point of vital information 


Figure 6. Measuring elements transmit signals to central 
station control board from processing equipment location. 
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Behind the Del Monte 


quality label 


Rodney Hunt Turba-Film Processor, installed at 
California Packing Corp., San Leandro, Calif., 
processes pears and apricots at a rate of § 
tons an hour. Foxboro instrumentation pre- 
cisely controls steam jacket pressure and 
absolute pressure — makes certain quality and 
flavor of concentrate will not be damaged by 
overheating. 


FOXBORO AUTOMATIC EVAPORATOR CONTROL 


Five tons of fruit an hour — that’s the rate at which 
California Packing Corp. runs its Turba-Film processor 
during season. And Foxboro Automatic Evap- 
orator Control helps make sure every last spoonful 
of production lives up to the Del Monte reputation of 
quality in food products. 

Crucial point in many food processing rations 
comes at the evaporation stage. Too much heat; too 
high a steam pressure; too slow a product flow; too 
dense a concentrate — and quality and flavor may be 
seriously impaired. Foxboro instrumentation integrates 


and controls all these functions — provides the high 
degree of accurcicy and sensitivity needed for the most 
efficient operation of processing equipment. 


Faster epereion and better product quality are just 
e 


a few of the benefits gained when a food process is 
equipped with Foxboro Automatic Control. Have your 
Foxboro Field Engineer survey your process with im- 
proved instrumentation in mind. Your product may be 
the winner for it. The Foxboro Company, 357 Norfolk 
St., Foxboro, Mass. 


REG. U.S. PAT. OFF. 
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ENTRAPPED POWDERED SPICE 


(Reg. U. S. Pat. Office) 


ENTRAPPED POWDERED SPICE FLAVORS 
Are made ot ‘special extractions of natural spices which possess au the flavoring 


EXECUTIVE OFFICES: 900 VAN NEST AVE., C7 (Box 12) NEW YORK 62, N.Y. 


Cincinnati 2 * Detroit * Dallas * Boston * New Orleans 12 * St. Louis 2 * San Francisco 


FLORASYNTH 


_ Florasynth was ove of the first companies to manu- 
facture powdered flavoring materials; and now makes 
available = aew kind of soluble spice in powdered 
form — ENTRAPPED POWDERED SPICE FLAVORS which 
are manufcictured and designed for use in industries 
such as Canners, Baked Goods, Cake Mix, Frozen 
Foods, Canned Meat, Sausage Manufacture, Meat 
Packers, Sauces, Soup Mixes, Salad Dressing, etc., 
and wherever dry powdered flavors can be used to 
good advantage, 


qualities and characteristics of the natural spice. 

Produce a uniform flavor time after time. 

Give greater uniformity in production. 

Are much more economical to use in manufacturing processes. 
Are water soluble and instantly dispersible. 

Are non-hygroscopic and free flowing. 

Have a high degree of stability as compared to natural spices. 
Are ready for immediate use. 


BLACK PEPPER ENTRAPPED GINGER, ENTRAPPED 
CAPSICUM, AFRICAN ENTRAPPED NUTMEG, ENTRAPPED 


(200,000 pungency) PAPRIKA, ENTRAPPED (40,000 color) 
CELERY, ENTRAPPED SAGE, DALMATION ENTRAPPED 


CINNAMON, ENTRAPPED TURMERIC, ENTRAPPED 


Other Entrapped Powdered Spice Flavors and Blends of 
Entrapped Powdered Spice Flovors available as required. 


Samples and prices on all Entrapped Powdered Spice Flavors upon request 


LABORATORIES, INC, 
* CHICAGO 6 © LOS ANGELES 21 
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which heretofore was spread out to the four corners 
of the canning plant. An operator at this board can 
remotely either manually or automatically control all 
of the variables which determine the environment 
under which the product is processed. This particular 
control board is being used to process a variety of 
vegetables which are not necessarily processed simul- 
taneously and therefore, many of the recording and 
controlling devices have multiple purpose. An alarm 
system alerts the operator when something is ‘‘off- 
normal.’’ The operator can then quickly take correc- 
tive steps if equipment has failed. By telephone or by 
close proximity of raw material storage, etc., the 
operator can decide what processing variables need to 
be altered. Minimum losses and maximum yield are 
attainable with such a nerve center, and it is safe to 
conclude that a loss of product from the overflowing 
of hoppers because of temporary bottlenecks has been 
eliminated. Certainly within safety limitation, other 
controls and devices can be added to this control board 
until the ‘‘push-button’’ food processing plant is 
virtually a reality. 


ADVANTAGES OF CONTINUOUS PRODUCT 
ANALYSIS BY INSTRUMENTATION 


Continuous product analysis instrumentation for 
qualitative determination (some of which has been 
described) added to central station control panel 
boards would be a very distinct advantage to the 
supervisor in making swift decisions. 

Manpower reduction may or may not result from 
central station supervisory control. This would vary 
from plant to plant, but in comparing this central 
station concept to the sub-station control concept, with- 
out a manpower reduction, it may be economically 


justified by reduction of losses. One good technical 
man can run your plant from the panel board. Main- 
tenance and preparation responsibilities are shifted to 
others (possibly seasonal employees). 

The operation will be more efficient because re- 
sponsibility is centralized. All pertinent information 
is visible at the panel board. Temporary equipment 
failure will necessitate action on the part of the oper- 
ator to divert the product, speed up parallel equip- 
ment or start standby equipment so that production 
can continue without serious loss. If the quality of 
the product is determined by changing environmental 
conditions when raw materials vary, then certainly 
quick adjustment of the controls can easily be made 
at this type of panel board, and this responsibility is 
placed in the technologist’s capable hands. The in- 
convenience of someone going to a sub-station con- 
troller at a remote place in the plant to adjust the 
instrument is therefore eliminated, and possible errors 
are minimized, 

During this discussion, repeated references to the 
chemical and petroleum industries’ experience have 
been made. Data logging devices and computers are 
in their infancy for these industries, and it could very 
well be that the food industry will find economic ad- 
vantage to such techniques also. It should be pointed 
out that the plant we have discussed here has merely 
adapted continuous processing techniques to their 
specifie requirements. All this has been accomplished 
without a materially higher initial installation cost. 

The really important facet of the central station 


control concept is the co-ordination of all phases of 
processing at one point where it is possible for one 
individual or a group of individuals to make rapid 
and accurate decisions regarding production and qual- 
ity. This means lower losses and higher profits. 
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(Manuscript received November 14, 1958) 


Ix CERTAIN INSTANCES coconut 
meat is marketed in the frozen state as a coconut- 
sucrose mixture (3 parts coconut, 1 part sucrose). 
Preliminary findings from primary plating of frozen 
coconut-sucrose samples on desoxycholate lactose agar 
yielded bacterial colonies characteristic of coliform 
types. A literature search failed to reveal any pub- 
lished data on the microbial flora of coconuts and it. 
seemed pertinent to extend the original findings with 
additional taxonomic studies. 


EXPERIMENTAL 


The coconut samples investigated were either frozen shaved 
nuts or frozen eoconut-sucrose mixtures obtained from com- 
mercial sourees; or research samples processed according to 
commercial procedures. Serial dilutions of samples were plated 
in desoxycholate lactose agar supplemented with 0.1% sucrose. 
The supplement was added because quality control evaluation 
of samples of this type require consideration of the presence 
of sucrose. Usually lactose broth cultures were prepared from 
typical coliform colonies and stock isolates were maintained on 
nutrient agar. One series of cultures, obtained from M. 
Purko," was repurified from eosin methylene blue agar. 

Pathogenicity for carrot tissue was determined by the 
method of Elrod (3) modified to inelude a 30 second chlorine 
wash (200 p.p.m.) of the tissue, followed by a sterile distilled 
water wash. This modification yielded a higher percentage of 
sterile earrot-broth tubes. Gram stains, acetylmethylearbinol 
and methyl red tests as well as the utilization of citrate were 
determined according to standard procedures (6). Hydrogen 
sulfide production was determined by the method of Levine 
et al. (4), Control cultures (Escherichia coli ATCC 11229 and 
our strain CO-36; Aerobacter aerogenes NRRL 199 and our 
strain CO-39) were tested concurrently with unknown cultures. 


RESULTS AND DISCUSSION 


Preliminary investigations with typical isolates 
from desoxycholate lactose agar, indicated that some 
of these organisms were false-positive types dependent 
upon the presence of sucrose or other fermentable non- 
lactose carbohydrate in the sample. In the present 
study 121 bacterial cultures were more thoroughly 
characterized. Microscopic observations showed all 
isolates to consist of gram-negative nonsporeforming 
rod types. On the basis of exhibiting pathogenicity 
for carrot tissue (soft-rot), some of these isolates could 
be classified as representing the genus Erwinia (3). 

Furthermore a substantial number of cultures could 
be eliminated from the coliform group by their in- 
ability to produce gas from lactose (2). These find- 
ings are presented in Table 1. Approximately one- 
third of the original isolates were true coliform 
bacteria. 

Further classification of the coliform types was 
made on the basis of responses to indole, methyl red 
and acethymethylearbinol (Voges-Proskauer) _ tests, 

* Research and Development Division, National Dairy Prod- 
ucts Corporation, Glenview, Ill. 


Bacteriological Flora of Frozen Coconut 


L. A. Nutting, R. A. Larson and 
F. W. Barber 
Research and Development Division, 


National Dairy Products Corporation, 
Oakdale, L.I., N. Y. 


TABLE 1 


Classification of gram-negative nonspore-forming rod isolates 
from coconut samples. 121 isolates 


Distinguishing Per centof | 


Classification resection tote? isclates Reference 
Erwinia Carrot (soft rot) + 16 | Elrod, 1942 
non Erwinia | Carrot (soft rot) — 84 | Elrod, 1942 
coliform Lactose (gas) + 36 Breed et al., 1948 
noncoliform Lactose (gas) — 48 Breed et al., 1948 


plus citrate utilization. The taxonomic grouping of 
these organisms according to the criteria of Vaughn 
and Levine (7) is shown in Table 2. This classification 
scheme indicated the presence of only a single Escher- 
ichia strain although 15% of the total isolates were 
not classifiable by this scheme. Tabulation according 
to the scheme of Parr (5) is presented in Table 3. A 
single culture was identifiable as Escherichia coli 
with about equal numbers of Aerobacter aerogenes 
and ‘‘Intermediate’’ types. These latter two types are 
not considered to be of fecal origin and therefore are 
not indicative of fecal contamination (1). 


TABLE 2 


Coconut coliform bacteria classified according to Vaughn 
and Levine, 1942 


Distinguishing 
Classification reactions? Percentof | 
total isolates 
V.P. M.R. Cit. 
isolate) 
“Intermediate” + + 15 41 
Aerobacter + — + 6 16 
Unclassified 15 41 


M.R.—Methyl Red. Cit.—Citrate utiliza- 
tion. 


TABLE 3 
Coconut coliform bacteria classified according to Parr (1939) 
Distinguishing 
Classification reactions? Per cent of coliform 
total isolates 
I. M.R. V.P Cit. 
EB. coli + <1 2 (single 
isolate) 
“Intermediate” - + — + 12 32 
- — + 2 5 
17 46 
A, aerogenes + 13 36 
+ + | 6 16 
19 52 


11.—Indole. M.R.—Methyl Red. V.P.—Voges Proskauer. Cit.—Ci 
trate utilization. 


SUMMARY 


Ninety-nine per cent of the positive reactions ob- 
tained by conventional coliform determinations on 
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fresh coconut were false-positive reactions for fecal 
coliforms. Two reasons are evident for the oceur- 
rence of these reactions: First, the presence of fer- 
mentable carbohydrate other than lactose ; second, the 
presence of lactose fermenting organisms which are 
not true indicators of feeal contamination. About 
15% of the false reactions appeared to be due to or- 
ganisms which are pathogenic for plants. 
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Measurement of Preferences for 


Food Combinations: 


(Manuscript received November 20, 1958) 


One OF THE BEST WAYS of predict- 
ing whether people will eat a food, or how much of it 
they will eat, is to ask them how well they like it. 
The validity of this assertion is amply supported by 
the results of several field studies where correlations 
on the order of .70 were found between consumption 
and preference rating of food names (2). However, 
prediction might be improved by evaluating certain 
additional facets of food behavior. One salient aspect 
of eating is that foods are usually eaten together as a 
meal, rather than singly. Does this practice of eating 
foods in combination affect food attitudes? 

Combinations may be defined as several foods, indi- 
vidually prepared, that are served and eaten either 


* Presented at the Eighteenth Annual Meeting of the Insti- 
tute of Food Technologists, Chicago, May 26, 1958. 

"This paper reports research undertaken at the Quarter- 
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Department of Defense. 
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together or successively. (Blended foods, such as 
stews, are excluded from this definition.) It is hy- 
pothesized that when two foods are combined in this 
manner, the individual components partially lose 
their identity in favor of a new entity, the combina- 
tion, with its own unique associated preference. Thus 
preferences for the individual components may be 
non-additive, i.e., preference for the combination 
might not be predictable from any sum or weighted 
average of preferences for the components. For exam- 
ple, a person may only slightly like each of two foods 
by themselves, but he may like their combination 
very much. 

This hypothesis of combination effects is in part 
supported by evidence from several pilot studies run 
in conjunction with attitude surveys conducted 
among military personnel. These studies also pro- 
vided information on the suitability and limitations 
of two types of questionnaires for measuring prefer- 
ence for food combinations. One questionnaire pre- 
sented the respondent with an entire menu to be 
rated on a single scale. Judging the combination 
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effects of a whole menu may have been too difficult a 
task for respondents ; their ratings appeared to reflect 
preference for the main dish rather than for the 
menu as a whole, The second questionnaire required 
respondents to select from a list of food items that one 
food which in combination with a given food would 
make the best possible pair. This questionnaire indi- 
cated non-additivity for meat-potato combinations, 
but not for meat-vegetable combinations. There were 
inherent limitations in this questionnaire. Certain 
items on the list were chosen at much higher fre- 
quencies than others, resulting in little information 
for the items not chosen, and selection of an item was 
relative to the remaining items in the list. A review 
of the psychological literature showed that other than 
these investigations there have been few studies of 
combined stimuli in any sensory modality, and none 
specifically on foods, 

Combination effects have important implications 
for menu planning, e.g., determining the best com- 
binations for foods of low individual preference. 
Moreover, in situations such as institutional feeding, 
where menus must be composed of a limited number 
of foods, the greatest number of satisfactory combi- 
nations which the components may yield can be de- 
termined, 

The purposes of the pilot study reported here were 
to obtain substantive information on attitudes to- 
wards food combinations, and to determine the suit- 
ability of a questionnaire method designed to measure 
such attitudes. 


METHODOLOGY 


Two considerations appeared important in designing the 
combination questionnaire: simplifying the respondent’s task, 
and providing equal amounts of information for each combina- 
tion. The former was met by presenting the respondent with 
only 2 foods at a time, reserving combinations of more than 2 
foods for future research. The second objective was achieved 
by having each food combination in a questionnaire rated by 
every respondent. 

The basic format of the questionnaire consisted of combina- 
tion blocks formed by a key food followed by a list of 5 sub- 
items, The example below shows the key food, 2 sub-items, 
and the 7-point rating scale. 

Two combination blocks were placed on each page of the 
questionnaire. The respondent’s task was to rate the combi- 
nation of each key food with each sub-item on the adjacent 
senle, 

This study was restricted to 3 food classes: main dishes, 
potatoes, and vegetables. The key foods were selected from 
the main dish or potato classes; sub-items were taken from 
the potato or vegetable classes. Only one potato sub-item list, 
consisting of 5 potato dishes, was used. All vegetable combina- 
tions also employed one vegetable sub-item list. Main dishes 
were paired with either the potato or vegetable sub-items list, 
but when the key item was a potato dish, only vegetable sub- 
items were used. The specific foods seleeted as key or sub- 
items had a wide range of individual preferences as determined 
by previous surveys of single foods. 


How well do FRENCH FRIED POTATOES go with 


extremely 
Buttered green peos.......... aa very well noe 


extremely 
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| moderately | 


| moderately 


Six forms of this basie questionnaire encompassed the vari- 
ables to be explored. Forms 1, 2, and 3 employed the same 
format but had different key foods in order to produce a 
greater total number of combinations. Positions of combina- 
tions of specific food classes were also varied among the 3 
forms, so that meat-potato combinations did not always appear 
first. Each of these forms had 10 key foods, making a total of 
50 combinations. The remaining 3 forms were identical to 
Form 1, except for certain planned variations. The only dif- 
ference in Form 4 was that it lacked the cannot decide cate- 
gory present on all other forms. Forms 5 and 6 each contained 
50 food combinations in addition to the 50 used in Form 1. 
The 50 extra combinations served as ‘‘padding’’ in order to 
test the effeets of doubling questionnaire length. Sub-item lists 
were lengthened in Form 5 and the key item list was doubled 
in Form 6. The ‘‘ padding’’ combinations always preceded the 
combinations included in Form 1. Forms 4, 5, and 6 were 
analyzed by comparing the ratings for those combinations com- 
mon to Form 1. 


ADMINISTRATION OF QUESTIONNAIRES 


A total of 593 respondents, selected from Army training 
units at Fort Lee, Virginia, answered the questionnaires at one 
of 5 sessions. The respondents had a higher educational level 
than is generally found for randomly selected Army samples. 
Thirty-two questionnaires reflecting careless responses or mis 
understanding were rejected, leaving 90 or more useable ques 
tionnaires of each form for analysis. Three testing rooms were 
used in order to eliminate interference arising from differences 
in form length or instructions. Following ‘he administration of 
the combination questionnaire, the respondents rated the indi 
vidual foods on a hedonie seale questionnaire (1). In addition, 
at the conclusion of the test, a small sample of the respondents 
were interviewed about the questionnaire and the food com 
binations. 


DATA PROCESSING 


For analysis, the seale categories in the combination ques 
tionnaires were assigned successive integers from 1 to 7 and in 
the hedonie preference questionnaire, integers from 1 to 9. In 
both enses ‘‘1’’ eorresponded to the seale category reflecting 
the most unfavorable attitude. Ratings of every combination 
were summed by form and session for an analysis of variance 
of combination effects. General preference was found by aver 
aging all ratings for a combination in a given form. Prefer 
ences for individual foods were obtained by averaging ratings 
of all respondents. 


RESULTS AND DISCUSSION 


The mean ratings for the different combinations 
appearing in the first 3 questionnaire forms are shown 
in Table 1. The combinations are arranged by food 
class in two-way tables. The key foods are listed in 
the column in order of descending preference as de- 
termined on the hedonic scale questionnaire. The 
sub-item foods are shown as column headings, with 
the individual preference rating appearing immedi- 
ately below each name. Combination effects are shown 
for various foods; for example, baked ham has a 
higher rating when paired with candied sweet pota- 
toes or mashed potatoes than when paired with french 
fries. If strict additivity had prevailed, baked ham 


extremely cannot 


slightly | 
poor lecide 


slightly | very poor 


well poor 


cannot 
decide 


extremely 


slightly slightly 
very poor poor 


well poor 
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MEASUREMENT OF PREFERENCES FOR FOOD COMBINATIONS 


TABLE 1 
Mean combination ratings for Forms 1, 2, and 3 


Individual 
Key foods preference French 
ratings* fried 
potato 


Main dish 

potato com 7.96* 

binations 

Roast turkey 22 4.95 
5.42 


Roast chicken 
Baked ham 5.26 
Roast pork 4.98 
Frankfurters 5.63 
Corned beef 5.08 
Beef stew 3.02 4.00 
Fried fish 5.8) 5.58 
Salmon cakes 5.7§ 5.01 
Chop suey 5. 3.67 
Grilled liver 5.04 
Lamb s‘ew f 3.89 


Fresh sl. 
tomato 


Main dish 
vegetable 
combinations 
Roast turkey 
Roast beef 
Roast chicken 
ham 
Roast pork 
Corned beef 
Beef stew 
Fried fish 
Grilled liver 
Lamb stew 


Potato 
vegetable 
combinations 
French fried 
Mashed 
Potato salad 
Baked 
Candied sweet 
Baked sweet 
Hash browned 
Boiled 


Scalloped 


Individual mear preference ratings (9%-point hedonic scale) 


should have the highest combination rating with 
french fries and the lowest with candied sweet pota- 
toes. Non-additivity for other food items is discerni- 
ble when the combination rating is compared to the 
corresponding individual preference rating. The 
most marked combination effects occurred in the main 
dish-potato combinations. For potatoes and vege- 
tables the magnitude of these effects was smaller. 
Food combination effects are demonstrated when 
the food interaction term of an analysis of variance of 
ratings is shown to be significant. Separate analyses 
of variance were done on Forms 2 and 3 for each set 
of combinations and are presented in Tables 2 and 3. 
Significant interactions were found in each form for 
main dish-potato, and main dish-vegetable combina- 
tions, but were not obtained for the potato-vegetable 
combinations. The significant differences for the main 
effects of meats, potatoes, and vegetables were ex- 
pected inasmuch as the components were selected to 
have a wide range of preference. In some cases signifi- 
cant session effects were found, indicating differences 
among respondents, but these differences do not affect 
the general conclusions regarding combinations. 
Food and questionnaire form effects were investi- 
gated by similar analyses of variance (not shown) on 
Short Forms 1 and 4, and Long Forms 5 and 6. These 


| 
Mashed | Potato Baked 
potato salad potato 


6.51 


‘reamed Buttered 
corr gr. peas 


Sub items 


Candied 
sweet 
potato 


6.62* 


5.80 
4.87 
5.97 
4.45 
8.30 


6.76 


x 


5.97 
5.89 
4.16 
5.07 
4.04 
3.97 
4.87 
3.26 
5.09 


4.69 


& 
= 


Buttered 
eauli- 
flower 


4.74° 


4.08 


t forms had identical food combinations, which dif- 
fered from those included in Forms 2 and 3. The 
different types of food combinations were analyzed 
separately with results generally similar to those in 
the preceding analysis. Significant interactions were 
found for the main dish-potato and main dish-vege- 
table combinations. However, here, a small but sig- 
nificant interaction was found for potato-vegetable 
combinations. This may have been due to the fact that 
different items were used in these combinations. 

With regard to form, the absolute level of rating 
differed between long and short forms for all except 
potato-vegetable combinations. Despite these signifi- 
cant main effects, form had little or no effect on the 
relative combination ratings, as shown by the low 
form-combination interactions. Equivalent combina- 
tion results between the different forms suggests that 
as many as 100 combinations may be included in a 
questionnaire ; however, this conclusion may not be 
generalizable to a population having a lower educa- 
tional status. 

On Form 4, which lacked the cannot decide cate- 
gory, there were 131 omits (no response), compared 
to 26 on Form 1. A separate analysis showed that the 
difference in number of omits between forms over 
sessions was significant at the 5% level. Inasmuch as 


div 
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a. | 
5.16 
4.91 
1 5.48 | 
4.70 
4.41 
4.89 4.17 
4.37 2.83 
41.28 2.75 
4.86 8.71 
3.43 2.80 
3.66 4.52 3.75 
3.62 4.43 3.49 | 
kraut 
b. 
7.86" 7.21% 7.05" 5.12 if 
ly 
8.22 5.37 5.71 5.96 2.30 
8.08 5.34 5.33 5.75 2.72 4.11 
7.99 5.02 5.83 5.71 1.99 b.80 
7.77 5.33 5.41 5.40 3.57 4.17 
7.40 5.39 5.49 5.77 3.95 4.00 
6.19 1.87 4.92 1.68 3.67 
6.02 4.77 4.57 4.72 1.78 3.67 
5.88 1.02 4.41 4.65 2.45 4.82 
5.33 4.70 1.87 4.64 2.54 3.49 
5.14 4.59 1.68 4.20 2.72 3.65 : 
7.06 5.63 5.13 5.01 11 3.61 
7.83 5.91 5.77 5.79 3.60 4.12 
: 7.28 5.92 4.47 4.18 2.83 3.46 
6.63 5.37 5.51 5.72 3.97 
6.62 1.70 4.67 4.56 2.61 3.35 
6.58 4.55 4.90 4.67 2.60 8.57 | 
6.39 5.51 5.51 5.49 3.23 4.11 
6.24 5.02 5.49 5.27 3.60 4.19 
: rs 5.94 4.79 4.91 4.80 2.76 3.61 : 
pte 
| 
4 
| 
| 
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TABLE 2 RESPONDENT INTERVIEWS 
SR Supplementary to the major objectives of this 
Variable a | Men | wp | p study, small randomly selected samples (16% ) of the 
respondents were personally interviewed at the ter- 
~~ ~ mination of each session. Six open-end questions were 
4 64 | 7.08 | 001 used as a guide. Eighty-five per cent of the re- 
3 4.17 34.85 001 . ‘oe 
4 5.04 | 5534] 001 spondents found rating the combinations more diffi- 


| 
Seas.——-Main dish................. 12 | 3.30 
| 


Seas.— Potatoes... _ 16 16 1.74 
Main dish— Potatoes 12 1.30 14.23 | O11 
Sess.—Main dish—- Potatoes. 
| 
b. Main dish— vegetable | 
combination | 
4 10 | 1.03 
Main dish... 2 6.16 | 66.46 001 
4 13.27 143.18 001 
Seas Main dish............... 8 14 | 1.49 
Seas.—V egetable................... 16 58 | 6.24 oo1 
Main dish—Vegetabile.......... 8 27 | 2.95 o1 
Seas.—-Main dish—V eg......... 32 09 | 
74 | | 
ce. Potato —vegetable 
combination 
2 1.46 6.24 
4 15.39 67.79 | 
20 <1, | 
Seas.—V egetable................... 16 16 <1. 
Potatoes-V egetable......... 7 20 <1. 
Sess.— Potatoes: Vegetable 32 .23 
74 
TABLE 3 
Analysis of variance of food combinations included in Form 3 
| 
Variable | | | 
| | 


| square 


a. Main dish—potato 


4 30 | 2.05 | 
3 14.73 102.05 001 
4 2.00 13.84 001 
12 13 <1. | 
16 34 2.38) Ol 
Main dish— Potatoes 12 1.74 12.09 o0o1 
Sess.—Main dish— Potatoes. 48 14 
99 
b. Main dish—-vegetable 
combination 
Seasion........... 4 <1. 
2 1.16 | 9.30 oo1 
Vegeta ble.............. 4 16.91 | 135.36 | 
Sess.—Main dish................... 29 | 2.29 05 
Sess.—-Vegetable........... ‘ 16 72 | 5.75 ool 
Main dish— Vegetable 1.29 10.33 | 
Sess.— Main dish—-Veg. | 82 12 
74 
c. Potato—vegetable 
combination | 
4 16 | 2.21 
Potatoes... - 2 4.48 | 61.23 | .001 
4 | 15.63 | 213.78 | 
| 16 78 | 10.65 | .001 
Potatoes-V egetable................ i) 09 | 1.29 | 
Sess.— Potatoes: Vegetable 32 | | 
74 


endorsements of the cannot decide category on Form 
1 were approximately equal to the number omitted on 
Form 4, it appears that omits and cannot decide fulfill 
the same purpose. Presence or absence of the cannot 
decide category did not affect combination ratings. 


cult than rating individual foods. Sixty-two per cent 
of interviewees stated that they rated on the basis of 
the combination, whereas 19% and 12% indicated 
their responses were more influenced by key items and 
sub-items, respectively. Almost half of the re- 
spondents said that the main dish-potato combina- 
tions were easiest to rate; the remainder indicated 
main dish-vegetable combinations were easiest. Rea- 
sons most often given for ease of rating were liking 
for the particular combination and fairly frequent 
past experience with it. Asked how they felt about 
combinations, 86% said that food combinations were 
important to them. This evidence indicates that the 
respondents were, in fact, considering combinations 
rather than the component foods. 


SUMMARY 


The hypothesis that preference for a food combina- 
tion differs from the sum or weighted average of the 
individual component preferences was investigated 
in a pilot study. Questionnaires requiring ratings on 
how well the foods of a pair go together were com- 
pleted by 593 military personnel. One important 
variable studied was form length; forms containing 
50 or 100 combinations were used. Three food classes 
were used for the combinations: meats, potatoes, and 
vegetables. 

Results of the study indicated that how well main 
dishes and potatoes go together, and how well main 
dishes and vegetables go together, are in large part 
independent of preferences for the individual com- 
ponents. Potato-vegetable combination effects were 
not generally found, but this may have resulted from 
the specifie foods paired. Differences between forms 
generally had little or no effect on the food combina- 
tion effects. 

The investigation of combination preferences by a 
questionnaire method was shown to be feasible. 
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The Influence of High Temperature Holding 
Upon the Components of Coffee Brew. 


ll. Volatile Reducing Substances: 


(Manuscript received November 6, 1958) 


One OF THE ATTRACTIVE qualities 
of a cup of coffee is the fine aroma produced upon its 
preparation. It has been the desire of coffee producers 
and users to capture this aroma in the beverage itself. 
The production of an instant-type coffee, which pro- 
duces a cup with the aroma of coffee freshly prepared 
from coffee beans, has long been the goal of the coffee 
industry. A close adjunct to this problem has been 
that of finding a reliable means for the objective 
evaluation of coffee aroma and flavor. 

Some objective means of evaluating the effect of 
various treatments on the volatile flavor of coffee 
would be of benefit to investigators and commercial 
operators alike. Hogl (2) described a method for the 
evaluation of aroma by means of an examination of 
the steam distillate of coffee. He stated that the 
amount of material which was oxidized by acid 
dichromate in a sample of the steam distillate from 
one gram of eoffee was the ‘‘aroma value’’ of that 
coffee and that these results were ‘‘in fair agreement 
with those obtained by organoleptic tests.”’ Wurtziger 
(7) earried out extensive studies based on this method. 
He modified and simplified the apparatus of Hogl but 
used the same basic method. He used the number of 
ml. of 0.1 N dichromate necessary to oxidize the steam 
distillable materials from a one gram sample of coffee 
as an indication of the ‘‘oxidation value.’’ 

Ehlers (1) considered that the aroma values ob- 
tained by Wurtziger from the titration of a steam dis- 
tillate of coffee afforded no reliable index of coffee 
quality but thought that some indication of the loss of 
aroma during storage or manufacture was obtained. 
Natarajan (5) and his co-workers have reported the 
use of this method (Wurtziger) in order to evaluate 
Indian coffees and to detect substitution in coffee. 
They used permanganate in alkaline solution as the 
oxidizing agent in place of the dichromate of Hog] 
and Wurtziger. They did not use a direct steam dis- 
tillation but instead used a sample of the coffee itself, 
together with a glass jar which held the sample, and 
permitted direct titration without loss of volatile 
materials during the test. The coffee was subjected to 
a high temperature (105° C.) for a long period of time 
(2 hours) in order to drive the volatiles into the alka- 
line permanganate. The number of ml. of 0.1 N per- 
manganate necessary for the oxidation of the aromatic 
substances from one gram of coffee was taken as the 
oxidation value. The results were comparable to those 
reported by Hogl and Wurtziger. 

* Contribution No. 364 from the Department of Food Teeh- 
nology, M.I.T. 

Director of Research, Kwik Kafe Coffee Processors of 
Ameriea, Inec., Hatboro, Pennsylvania. 


Stanley Segall” and 
Bernard E. Proctor 


Department of Food Technology, Mas- 
sachusetts Institute of Technology, 
Cambridge, Mass. 


A serious objection to these methods is that they 
measure the aroma of coffee that has undergone very 
unusual and very drastic treatment. Steam distilla- 
tion might cause some chemical change of its own by 
virtue of the conditions set up. Heating the coffee for 
two hours at 105° C. is likely to cause changes by 
pyrolysis and decomposition of some of the more 
characteristic flavor components. It does not seem 
that either the method of Hog! or of Natarajan serves 
as a true or useful measure of the aromatic value of 
coffee. Some means of measuring this quality, which 
does not involve such drastic or unusual treatment of 
the coffee, appears desirable. 

Lang and Farber (4) suggested the possibility of 
measuring the volatile reducing substances in coffee 
as a means of estimating its quality. The method used 
was one in which purified air was passed over samples 
of ground roasted coffee and then bubbled through 
alkaline permanganate. The degree of reduction of 
the permanganate was a measure of the volatile re- 
ducing substances present in the coffee. 

Karel, Proctor, and Cornell (3) have recently sug- 
gested that Farber’s technique could be used as a 
quantitative measure of the volatile reducing sub- 
stances (VRS), but that it would be necessary to limit 
that reduction to 20% of the theoretical reducibility 
of the permanganate. 

With these precautions in mind, work was carried 
out to determine whether a method utilizing the prin- 
ciples described by Lang and Farber and by Karel, 
Proctor, and Cornell could be applied to measurement 
of the volatile value of coffee and to determine the 
influence of high temperature holding on the VRS in 
coffee brew. 


EXPERIMENTAL 


Brew. Standard coffee brew was prepared according to the 
recommendations of the Coffee Brewing Institute (85 g. of drip 
ground coffee plus 1330 ml. of redistilled water). 

Holding temperatures and times. Standard experimental 
eonditions were selected as follows: Holding temperatures of 
63° C., 73° C., 83° C., and 93°C., and holding times of 0, 1, 
3, 6, and 24 hours. 

Blend. The blend composition of the coffee studied was 30% 
Santos (Brazil), 35% Armenia (Colombia), and 35% Mara 

Venezuela ). 

Organoleptic evaluation. Data were taken from the study 
by Segall and Proctor (6) which was carried out concurrently 
with the work on volatile reducing substances (VRS). 

Measurement of VRS. Volatile reducing substances in the 
standard coffee brew were measured by a modification of the 
technique of Lang, Farber, Beck, and Yerman (4), ineorpor- 
ating the suggestions of Karel, Proctor and Cornell (3) re- 
garding the limitation of reduction to 20% of the theoretical 
value for the available potassium permanganate. The standard 
coffee brew (12.5 ml.) was mixed with redistilled water 
(37.5 ml.) and placed in a Lang-Farber aeration flask. Pre- 
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TABLE 2 


Recovery of volatile reducing substances (VRS') from standard coffee brew 


Time of holding (hours) 6s 
VRS/100 ml. 
std. brew 


VRS/100 mi 
std. brew 


VRS at 


250 250 


195.0 193.5 
21.5 48.6 119.5 
71.9 28.8 69.7 


43.2 


46.5 


purified nitrogen was used as a sweeping agent and the vola- 
tiles collected and measured in 0.02 N alkaline permanganate. 


RESULTS AND DISCUSSION 


The sample size of coffee brew used for analysis was 
carefully selected so that it would effect less than the 
20% maximum potassium permanganate reduction 
suggested by Karel, Proctor and Cornell (3) in their 
studies of the VRS technique. The VRS content 
(miecro-equivalents of reduction of a standard 0.02 N 
KMnO, solution expressed as VRS) of the freshly 
prepared standard coffee brew was found to be 250 
p-equivalents per 100 ml. 

The VRS content decreased directly as the length 
of holding and the temperature of holding increased. 
The VRS values decreased by approximately 22% 
when held for 1 hour at 63° C. and 73° C., while de- 
creasing from 36°% to 53% at 83° C. and 93° C., re- 
spectively. The decrease in the VRS value of the 
coffee brew was steady, and at the end of 24 hours was 
about 82% to 87% for holding temperatures of 63° C., 
73° C., and 83° C., and approximately 95% at 93° C. 
(Table 2). 

The loss of flavor in the coffee brew (6) was noted 
by the decrease in the organoleptic ratings given by 
the taste panel (Table 1). At each of the given hold- 
ing temperatures, the decrease in the VRS content of 
the coffee brew seemed to parallel the decrease noted 
in the organoleptic acceptance ratings. (Tables i and 
2). 


TABLE 1 
Organoleptic analysis of standard coffee brew' 


Mean hedonic rating at ter 
Time of 
holding 


| Holding temperature (° C.) 
(hours) | 


63 73 | 83 | 93 
7.36 + 16 7.36.16 | 7.36+.16 | 7.36 + 16 
1 6.17 .35 6.12 > .40 6.34 > .40 6.84 > 26 
3 6.23 + 28 5.72 + .51 6.00 + .52 4.89 > 36 
4.77 .37 5.00 + 3.84 + 36 3.98 + 39 
bt | 2.78 = .29 2.39 = .33 2.72 = .39 2.00 = .23 


' Segall and Proctor, 1957 (6) 


The VRS determination clearly shows the effect of 
the severe heat treatment afforded to samples at 93° C. 
It also shows the degree of effect at lower temperatures, 
and at various times of holding at elevated tempera- 
tures. The method shows that it is possible to evaluate 
the volatile value of a coffee brew objectively. 

Additional studies should be carried out to deter- 
mine the full potentialities of the method as a means 


73 


To VRS at 
“@” 


Temperaturé of holding (° C.) 


BS 


VRS/100 ml. 
std. brew 


VRS at VRS/100 ml. 
std. brew 


RS at 


- 2: 
7.4 159.0 61.6 118.0 47.2 
7.8 137.5 55.0 82.5 13.0 
7.9 42.0 16.8 42.0 16.8 
7.3 3 3. 1.3 4.5 


by which cup testing of coffee for the evaluation of 
flavor decrease may be supplemented, partially at 
least, by an objective evaluation. It is believed that 
this method is superior to those previously used in 
that it offers a means of evaluating a coffee in the 
same state in which it is normally consumed. The 
determination is also carried out at room temperature, 
and not at some high temperature which may well 
cause changes in the coffee flavor. 


SUMMARY AND CONCLUSIONS 


The volatile reducing substances content of stand- 
ard coffee brew was determined by the method of 
Lang, Farber, Beck, and Yerman (4). It was found 
that volatile reducing substances were sensitive to the 
length of time coffee brew was held. The data showed 
that this class of compounds decreased rapidly on 
holding, even at the lower holding temperatures. It is 
concluded that the volatile reducing substances con- 
tent is an indication of the age and treatment afforded 
a coffee brew. It should be possible to utilize this fac- 
tor in establishing standards for coffee brew, and as 
an objective means for supplementing organoleptic 
evaluation, 
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Relationships of Apple Grade and Size to Apple 


Value in Processing of Apple Slices 


Manuscript received January 7, 1959) 


Donne THe 1957-1958 apple 
processing season, the departments of Horticulture 
and Agricultural Kconomies, Virginia Agricultural 
Experiment Station, continued their cooperative work 
on apple processing, completing a study of the time 
requirements for preparation of apples for processing 
of apple slices and the recovery of apple fractions in 
the course of preparation of the slices. Studies of the 
same factors for apple sauce and preliminary work 
on apple slices were made in preceding years. These 
earlier studies will be useful for comparative pur- 
poses (2, 3). Descriptive results of this study, com- 
parable with that for apple sauce (3), are reported in 
another paper (4). 


EXPERIMENTAL 


Four plants processing apple slices were studied during the 
1957-1958 season. York Imperial variety apples were used in 
the study. They came either from growers regularly supplying 
these processors or from the processors’ cold storage. Apples 
were presized mechanically into 4 size classes: (a) less than 
2% inches in diameter, (b) 2% to 2% inches in diameter, (¢) 
2% to 2% inches in diameter, and (d) 2% inches and larger 
in diameter. A portion of each of the 3 larger size groups were 
separated by Federal-State fresh fruit inspectors into U. 8. 
No. 1, U. S. No. 2, and culls on the basis of United States De 
partment of Agriculture standards for processing apples (4). 
Only the U. S. No. 1 and U. 8. No. 2 grade apples were used for 
further study. The remaining apples in each size group were 
separated into 4 quality groups by the same inspectors on the 
basis of standards proposed by the Virginia State Horticul 
tural Society’s Industry Advisory Committee. The proposed 
standards differ from the United States standards only in the 
tolerance allowed for trim waste in addition to normal prepara 
tion waste. The United States grades and experimental grades 
used in this study have maximum trim waste tolerances as 
follows: 


U. S. No. 
U. 8. Ne. 3 
Grade A 
Grade B 


The above 5 grades, in each of the 3 size classes, were run 
separately through a portion of the regular processing line in 
each plant under commercial conditions. Each experimental 
lot required approximately 45 minutes preparation time. Each 
lot was preweighed and peeled and cored on semi-automatic 
peelers, whieh counted the apples as they were peeled. Plant 
personnel trimmed and sliced the apples under production line 
conditions. Trimming times and yields of peels and cores, 
broken slices, trim waste, and apple slices were determined for 
each lot. In addition, a 15-pound, representative sample of 
trim waste was collected and sorted into 2 batches. One batch 
wus trim waste which resulted from the removal of peel frag 
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ments missed by the automatie pecler (peel trim). The other 
batch resulted from the removal of all types of defects (defect 
trim). The peel and defect trim data from these samples were 
used to estimate the total defect and peel trim in the different 
experimental lots. 

Data were analyzed by a covariance technique known as 
differential contrast (1). 


RESULTS AND DISCUSSION 


Kstimating equations were derived from these data 
to determine (a) peels and cores in relationship to the 
plant worked in and size class of apples utilized; (b) 
broken slices recovered in relationship to the plant 
worked in, size class of apples uttilized, and total trim 
waste experienced; (¢) recovery of prepared apple 
slices in relationship to the plant worked in, peel and 
core waste experienced, broken slices obtained, and 
total trim found; (d) time requirements for trimming 
100 pounds of raw fruit in relationship to the plant 
work in, size class of apples utilized, and per cent 
defect trim removed; and (e) total and defect trim 
in relationship to plant worked in, size of apples 
utilized, and grade of apples used. In addition, in 
instances where the size of apples was a factor, the 
average linear effect on the dependent factor of an 
increase or decrease in the number of apples per 100 
pounds within size classes was determined. This effect 
is used to adjust the values of a given plant to the 
value of the average of all plants or to the value of 
another plant for comparative purposes, 

The 6 estimating equations are shown below, Dif- 
ferential regression values, standard errors and per 
cent determination coefficients for these equations are 
shown in detail in Tables 1 to 6 in the Appendix. 


Estimating Equations 
1. Per cent peel and core waste 25.60 P, + 8, + .014d 

Where: P; Plant is included in the intercept) 
8, Size Class (S, is ineluded in the intercept) 
d- Difference in number of apples per 100 
, pounds from the average number of apples 


per 100 pounds in the size class, 


Per cent broken slices 7.3% + Si O508X, 
Where: Plant is included in the intercept) 
Ss Size Class (S: is included in the intereept) 
X Per cent total trim waste 
d= Difference in number of apples per 100 
pounds from the average number of apples 
per 100 pounds in the size class. 
Recovery of prepared slices 94.26 + P, X, 
8929X 9202X 
Where: P 


X Per cent peel and core waste 


Plant (Ps is ineluded in the intercept) 


X Per cent total trim waste 
X Per cent broken slices 


| 
|! 
| 
| 
| 
5.0% 
25.0% 
3.125% 
120% Le 
6.25% | 
Grade C 12.50% 
| 
| 
| 
585 
| 


. Trimming time per 100 pounds = 35.12 + Pi + S; + 
1.6835X, + .0648d 
i 
Where: P, Plant (P. is ineluded in the intercept) 
8; Size Class (S, is ineluded in the intercept) 
X, Per cent defect trim waste 
d Difference in number of apples per 100 
' pounds from the average number of apples 
per 100 pounds in the size class. 


5. Total trim waste = 4.30 + +8:+G, .0036d— 


Where: P; = Plant is included in the intercept) 
8S, = Size Class (8S; is ineluded in the intercept) 
Gy Grade Class (G, is ineluded in the inter- 


cept) 
a = Difference in number of apples per 100 
' pounds from the average number of apples 
per 100 pounds in the size class. 


6. Defect trim waste = 89 +P, +8: + G+ 0058d- 


Where: P; = Plant (P, is included in the intereept) 


S, = Size Class (S; is included in the intercept) 

G, Grade Class (G; is ineluded in the inter- 
cept) 

d— = Difference in number of apples per 100 


' pounds from the average number of apples 
per 100 pounds in the size class. 


The foregoing 6 equations are used to estimate yield 
of apple fractions and trimming time requirements 
for apples of varying size and quality. These values 
may be estimated for the average of the 4 apple slices 
processing plants included in the study, the indi- 
vidual plants, or even for plants not included in the 
study. For the latter use some calculations from 
plant data are required. 

Deriving intercept values for outside plants. All 
that is needed to adapt these estimating equations to 
processing plants not included in the present study 
is plant average figures for yield of apple fractions 
and trimming time requirements. These data are 
usually available from plant records or may be closely 
approximated from simple sampling studies in the 
plant. The plant data would be used in deriving the 
intercept values for the given plant. 

Derivation of the intercept term in equation 1 
would require the average per cent peel and core 
waste and the average size of the fruit utilized in the 
plant expressed as the number of apples per 100 
pounds of fresh fruit. If the average peel and core 
waste in a given plant was 22.00% and there were 375 
apples per 100 pounds on the average in the apples 
used in the plant, the new intercept value, which 
would include the values for small sized fruit, would 
be derived as follows: 


i’, = (S; —S) = 22.00 + .014 (511 — 375 = 
23.90% 


Where : 
Y = The average peels and cores in the 
plant 
bd = The regression for size, from the aver- 


age for the size class being estimated, 
on peels and cores 

S, = The average number of apples per 
100 pounds in size class 1 for the 
plants in the study 
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S = The average number of apples per 
100 pounds in the plants being esti- 
mated 


This new 4’ value would be substituted into equa- 
tion 1 for the intercept plus plant value thus: 


Equation 1: ¥ = (25.60 + P,) +8, + .014 dz 
Revised : ¥Y = 23.90 + S, + .014 dz 


The derivation of the new intercept term for equa- 
tion 2 used for estimating broken slices would require 
the average per cent broken slices and average per 
cent total trim waste in the plant in addition to the 
average number of apples given above. The new 
intercept for estimating broken slices, assuming 9.0% 
average broken slices and 7.0% total trim waste for 
the plant, would be derived as follows: 


a,=Y+bda, (S:—S) —b Xi (Xi — X)=9.00+ 
0133 (511 — 375) — .0508 (5.68 — 7.00 = 10.87% 
Where: 


Y = The average per cent broken slices in 
the plant 

bd- = The regression for size, from the aver- 

' age for the size class being estimated, 

on broken slices 

S,; = The average number of apples per 
100 pounds in size class 1 for the 
plants in the study 

S = The average number of apples per 
100 pounds in the plant 

b X; = The regression of per cent total trim 

on broken slices 


X, = The average total trim in the plants 
included in the study 
X = The average total trim in the plant 


The new intercept value would be substituted into 
equation 2 in place of (7.32 + P\) as shown in equa- 
tion 1. 

The derivation of the new intercept for equation 3 
for estimating yield of prepared apple slices would 
require, in addition to the information already indi- 
cated, the average yield of prepared apple slices for 
the plant. Assuming the average yield of prepared 
slices to be 64.00% the new intercept would be de- 
rived as follows: 


a’ = +b X, (X1) +b Xe (X2) + b Xs (Xs) = 
64.00 + .9715 (23.90) + .8929 (7.00) + 
.9202 (10.87) = 103.46% 
Where : 
Y = Average yield of prepared apple slices 
for the plant 
b X, = The regression of peels and cores on 
yield of slices found in the study 


X, = Estimated yield of peels and cores for 
the plant 

b Xo = Regression of total trim on yield of 

slices found in the study 
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Estimated yield of total trim for the 
plant 

= Regression of broken slices on yield 
of slices found in the study 
Estimated yield of broken slices for 
the plant 


The new intercept term would be substituted into 
equation 3 in place of (94.26 + P,) as in equation 1. 

The derivation of the new intercept value for equa- 
tion 4 used in estimating trimming time would 
require an estimate of average time required to trim 
100 pounds of apples in the plant and an estimate of 
the per cent defect trim waste for the plant. Assum- 
ing that the average trimming time for the plant is 
34.00 minutes per 100 pounds and that per cent 
defect trim is 4.46% in the plant, the new intercept 
would be derived as follows: 


a’ = Y + bd- (S, —S) + b X; (X, — X) = 34.00 + 
.0648 (511 — 375) + 1.6835 (4.46 — 3.14) = 
45.03 minutes 
Where : 
= The average trimming time per 100 
pounds of fresh apples in the plant 
= The regression for size, from the aver- 
age apples per 100 pounds in the size 
class being estimated, on trimming 
time 
Apples per 100 pounds in size class 1 
in the plants in the study 
Apples per 100 pounds in the plant 
= The regression of defect trim on trim- 
ming time 
Per cent defect trim in the plant 
Average defect trim for the U. 8. No. 
1 grade apples in the 4 plants in the 
study 


The new intercept term would be substituted in 
equation 4 in place of (35.12 + P\). 

The new intercepts for equations 5 and 6 used in 
estimating total trim and defect trim for apples of 
different size and grade would be somewhat more 
difficult to determine. The total trim and defect trim 
figures determined from plant data 7.00 and 4.46% 
respectively would be adjusted to the 8; size classifica- 
tion as follows: 

Total trim (S,) = 7.00 + .0036 (511 — 375 = 7.50% 
Defect trim (S,) = 4.46 + .0058 (511 — 375) = 5.25% 


Next the proportion of the different grade classes 
run through the plant would need to be determined. 
For instance if 65% of the apples utilized in the plant 
were U.S. No. 1 quality, 30% were U.S. No. 2 and 5% 
were culls; the approximate per cent total trim for 
U. 8S. No. 1 apples in the plant could be determined 
as follows: 

100 (7.50) = 65X + 30 (X + 4.68) + 5 
[X + 2 (4.68) ]>» 


” Assuming that culls would have twice the trim waste of 
U. 8. No. 2 grade. 


750 = 65X + 30X + 140.4 + 5X + 46.8 
100X = 750 — 140.4 — 46.8 = 562.8 
X = 5.63% total trim in G, class 


A similar procedure would estimate defect trim 
waste at 3.51% as follows: 


100 (525) = 65X + 30 (X + 3.87) 
+ § [X +3 (3.87) |¢ 
525 = 65X + 30X + 116.1 + 5X + 58.05 
100X = 350.85 
X =3.51% 


Average yields of apple fractions and time require- 
ments. Yields of apple fractions and trimming time 
requirements for apple slices processing, based on the 
average of the 4 plants included in the study are 
shown in Tables 1, 2, 3 and 4. The yields and times 
were adjusted to the same number of apples per 100 
pounds in the 3 size classes as were found in the study 
of applesauce processing (2) and as in the applesauce 
study maximum trim waste allowed in the grade was 
asumed as total trim waste. 

Variation in size of apples was found to be the only 
factor related to peel and core waste for apple slices 
while for applesauce both the size of apples and trim 
waste were factors. As apples for slices are usually 
peeled more heavily than apples for sauce, this de- 
velopment is easily explained. Surface defects have 
little or no effect on a peeling knife that is running 
well below the surface. Therefore, for slices, esti- 
mated peel and core waste is shown only for the 3 
size classes and would be the same for all grades 
within a size class (Table 1). 


TABLE 1 


Estimated per cent peel and core waste of apples of different 
size, processed for apple slices, average in four 
plants 1957-58 season 


Size class Peel and core waste 


pounds per 100 th, 
2% to2% inches +... 28.21 
2% to 2% inches’ 25.71 
2% inches and larger ' P a 24.79 


1 Five hundred and twenty-six, 418, 275 apples per hundred pounds, 
respectively, for the small, medium and large size classes (diameter in 
inches). 


Broken slices were not a factor, of course, in the 
applesauce study as apples for applesauce are not 
sliced. Both smaller size and per cent trim waste re- 
gardless of type of trim result in weaker slices pro- 
viding the same slicing knives are used in slicing. 
The amount of recovered broken slices in the different 
grade and size classes of apples are shown in Table 2. 

The recovery of prepared slices was affected by the 
per cent broken slices in addition to the peel and core 
waste and total trim waste found to affect applesauce 
recovery. The results for the average of the 4 plants 
for apple slices are shown in Table 3. 


* Assuming that additional defect trim in culls over U. 8. 
No. 2 would be 3 times as great as in U. 8. No. 2 apples. 
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TABLE 2 


Estimated per cent broken slices by size and grade class, 
average in four plants, 1957-58 season, maximum trim 
waste for grade assumed as total trim waste 


Size class Grade 
Experimental 
Diameter in inches 
1 2 A B 


pounds per 100 tb. 


pounds per 
100 

8.26 9.28 8.17 8.33 

6.76 7.78 6.67 6.83 


and larger......... 4.96 5.08 4.37 5.03 f 


TABLE 3 


Estimated recovery of prepared apple slices by size and grade 
class, average in four plants, 1957-58 season, maximum 
trim waste in grade assumed as total trim waste 


Size class Grade 
Experimental 
Diameter in inches 
1 2 A B 


2% toz. 55.78 36.9% 57.48 54.54 
2% to2....... 50.54 10.74 61.29 


2% and large 62.10 60.91 


Variations in trimming time of apples for produe- 
tion of apple slices were affected by plant differences, 
variation in size, and variation in per cent defect trim. 
Because peel trim remained relatively constant among 
plants, grades, and sizes of apples, it was not an im- 
portant factor in affecting variation in trimming time 
with slices as it was with applesauce. Trimming times 
for the different size and grade classes in the 4 plants 
are shown in Table 4. 


TABLE 4 


Estimated trimming time requirements for apples for appl: 
slices, average in four plants, 1957-58 season, maximum 
trim waste allowed in the grade assumed as 
total trim waste 


Size class | Grade 
Experimental 
Diameter in inches 
1 : | B 
36.16 57. 37.50 
29.76 27.7 SL.10 
20.09 21.43 


Determining the relative value of different grades 
and sizes of apples for processing apple slices. The 
information in Tables 1 through 4 may be used for 
determination of the relative value of apples of dif- 
ferent grades and sizes for processing of apple slices. 
Methods used for the applesauce study (2) would be 
used, substituting apple slices data for applesauce 
data, and modifying the assumptions of plant cost 
relationships and value of waste product used in the 
applesauce study to provide for apple slices. For in- 
stance, it is likely that labor costs are a somewhat 
greater percentage of total costs in a slice processing 
plant as trimming is somewhat more exacting and 
another operation is required in slices preparation. 
The broken slices fraction in processing slices is more 
valuable than peel, core, and trim waste, especially if 
the plant is canning applesauce simultaneously. 


As average plant cost relationships are not available 
and as each plant would likely arrive at a different 
basis of cost relationships in determining relative 
prices in their own plant, little would be gained by 
again making assumptions as to plant cost relation- 
ships in this paper. It is likely that the differentials 
for grade and size shown previously (2) would be in 
the same direction and somewhat greater for slices 
than for applesauce. The adoption of the experi- 
mental grades would be even more beneficial to the 
high quality large apple size growers and to the 
processors if the apples were purchased on the basis 
of these or other closer tolerance grades for apples for 
processing in processing apple slices than they were 
for processing applesauce. 

The need for a revision of sampling methods. Vari- 
ous sampling procedures are now used for determin- 
ing grade and size of growers’ fruit. Most commonly, 
some predetermined number of field containers are 
selected at random from the grower’s load during the 
unloading process. Containers selected are designated 
by the Federal-State inspector or by persons working 
under his supervision. Samples are composited and 
the apples in the sample are separated into the various 
grade and size classifications according to the basis 
of payment used by the processor. For instance, an 
apple judged by the inspector to have less than five 
per cent waste in addition to normal peel and core 
waste would be placed in grade U. 8. No. 1, and fur- 
thermore would be subelassified according to its di- 
ameter. Where a plant is buying on the basis of 214 
inches in diameter and up, all apples not passing 
through the 2% inch sizing ring would be placed in 
the highest classification bin, those that passed through 
the 214 inch ring but would not pass through the 2!, 
inch ring would be placed in a lower class bin, and 
the remainder would be placed in ciders. After the 
entire sample is inspected, the various portions are 
weighed and related to the original weight of the 
sample. The resulting pereentage figures are then 
applied to the net weight of the load that was sampled 
to arrive at the basis for payment. 

Assuming for the moment that the sample drawn is 
perfectly representative of the load, the present sys- 
tem is still inadequate to serve as a basis of payment. 
Actual size of apples vary greatly even within a !, 
inch in diameter size range and according to research 
results these differences are sufficient to materially 
affect costs of processing. The variation that in this 
study was found to occur within the small size classi- 
fication of apples, would account for 1.89% variation 
in yield of apple slices. There was a maximum spread 
of 65 apples per 100 pounds among the 21 to 21% inch 
in diameter classes. Other studies showed even 
greater variation in this size class than the lots in this 
study showed. In the medium size classification, yield 
would vary by as much as 2.92% due to size with a 
maximum spread between lots of 103 apples per 100 
pounds. For the largest apple size class the variation 
in yield due to size variation within the class was as 
much as 1.54% with a maximum spread of 58 apples 
per 100 pounds in the class. Other studies have shown 
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that the maximum spread in this class could be much 
larger than that which occurred in this study. Trim- 
ming time requirements could have varied by 4.21, 
6.67, and 3.76 man-minutes per 100 pounds respec- 
tively due to the variation that in this study occurred 
in the number of apples per 100 pounds in the size 


classes small, medium, and large respectively. 

It is apparent that if we are to develop a finer meas- 
uring stick in purchasing processing apples, some 
modification of size measurement is necessary. Count- 
ing the fruit in the sample to arrive at the number 
of apples per 100 pounds of apples would provide 
this needed refinement. Some arbitrary apple count 
per 100 pounds could be selected as a base in buying 
apples with premiums and discounts set up for devi- 
ations from this base. 

Samples obtained by present methods may not ae- 
curately refleet the quality of the load of fruit being 
sampled. In compositing the samples it is not possi- 
ble to determine the variation that oecurs between 
samples. A means should be developed for making a 
continuous random sample of the entire load during 
the unloading process, at least for those loads that are 
run directly into the processing plant bins. For loads 
that are taken into storage for later use this method 
might not be useable and an adequate sample of the 
present type might be the only practical solution. A 
continuous random sampling procedure would not 
only provide a more representative sample, but would 
likely require a smaller sample; thus increasing the 
efficiency of the inspection job. In some plants a sys- 
tem of intermittent diversion of apples from the 
elevators during the unloading period by manual con- 
trol of diversion gates extending onto the conveyor 
belt has been used. This is an improvement over the 
more common method of sampling, but likely this 
method could be improved upon by development of 
a mechanical sampler that would take a large number 
of smaller samplings from the conveyor. Work along 
this line is greatly needed and is long overdue. 


SUMMARY AND CONCLUSIONS 

A correlative study with that done for applesauce 
processing was completed for processing apple slices 
in the 1957-58 processing season. Four apple slices 
processing plants cooperated with the Virginia Agri- 
cultural Experiment Station in this study. The study 
was designed to determine the effects on recovery of 
apple fractions and preparation time requirements of 
grade and size of fruit in processing of apple slices 
under commercial conditions. The present United 
States grades No. 1 and No. 2 and three experimental 
grades proposed by the Virginia Horticultural So- 
ciety’s Industry Advisory Committee in each of three 
size classes were studied. 

Estimating equations were derived from the experi- 
mental data by a statistical procedure known as dif- 
ferential contrast to estimate the recovery of peels and 
cores, total trim, defect trim, broken slices, and pre- 
pared apple slices when apples of the different grades 
and sizes were utilized. The trimming time require- 
ments for the different grades and sizes were also 
estimated. 


As processing plants other than those included in 
the study might wish to use the estimating equations 
that were developed, a methodology for deriving the 
intercept values for plants not included in the study 
was shown, using data that is either obtainable from 
usual plant records or that could be developed quite 
readily by plant management. 

Average yields of apple fractions and trimming 
time requirements for the four plants included in the 
study are shown. These values may be used to deter- 
inine the relative value of the different grades and 
sizes of apples by utilizing the methods shown in the 
study of applesauce processing (2). 

The refining of apple grades indicated as being to 
the advantage of high quality large apple size pro- 
ducers points also to a need for a refinement of our 
apple size classifications, The variation in size that 
occurs within a 14 inch range in size is sufficient to 
materially affect both recovery of prepared product 
and preparation time requirements. A measurement 
of size on the basis of the number of apples per 100 
pounds of fresh fruit is suggested as an alternative to 
the present diameter size classification. Also the prob- 
lem of more accurately and efficiently obtaining a 
measure of the quality of apples delivered to the 
plants is of great importance to both growers and 
processors. A continuous random sampling procedure 
is suggested as worthy of consideration and research, 


APPENDIX 


TABLE 1 


Regression coefficients, standard errors, and the per cent 
determination in estimating per cent peels and cores 
waste, 1957-58 apple slices study 


Standard 
error 


Item Constant oefficient 


Intercept '......... a’ 25 | O.51 
Plant B 328 0.58 
Plant C 52 0.58 
Size 2% to 2% inchés Sz 2.822 0.53 
Size 2% inches and larger 3.352 | 0.51 
Differential for size 


Per cent determination 


' Includes the values for Pa and 8S 24-24% inches) 

* Significant at the 1% level with 59 degrees of freedom, 
‘Significant at the 5% level with 59 degrees of freedom 

‘Not significant at the 1 or 5% level with 59 degrees of freedom, 


TABLE 2 


Regression coefficients, standard errors, and per cent 
determination in estimating per cent broken slices, 
1957-58 season, apple slices study 


Standard 


Item Constant Coefficient 


Intercept a’ 7.3 

Plant B. 1.8 

Plant ¢ 2.1 

Plant D... D 1.5 
1 


7 
Size 2% to 2% inches 


” 


Size 2% inches and large: 3.282 24 
’er cent total trim ‘ 0.05084 0.0306 
differential for size 0.0033 


Per cent determination t 0.8956 


1 Includes the values fo (2%—-2% inches) 


Significant at the 1% level with 58 degrees of freedom 
Not significant at the 1 or 5% levels with 58 degrees of freedom. 


‘be 
[} 
| 
| 
| 
| 
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| 
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| 
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0,27 
| 0,27 
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TABLE 3 


Regression coefficients, standard errors and the per cent 
determination in estimating yield of prepared slices, 
1957-58 season, apple slices study 
Standard 


error 


| 
| Constant Coefficient 


| 

| 94, 262 2.53 

| 2.952 0.73 

0.72 


Intercept 
Plant B.... 


1.02 
0 ‘97152 | 0.134 
0.89292 0.0676 
0.92022 0.1916 
0 93462 


Plant D 

Peel and core (per cent) 
Total trim (per cent) 
Broken slices (per cent)... 
Per cent determination 


1 Includes values for 

* Significant at the 1% level with 58 degrees of freedom. 

* Not significant at the 1 or 5% levels with 58 degrees of freedom. 
* Significant at the 5% level with 58 degrees of freedom. 


TABLE 4 
Regression coefficients, standard errors and per cent 
determination in estimating trimming time per 
hundred pounds of apples, 1957-58 season, 
apple slices study 


| Constant 


2% inches 
Size 2% inches and larger.. 
Per cent defect trim.. - 
Differential for size sesilial 0.0648 


Per cent determination 0.88872 


1 Includes the values for Pa and 8S: (24%—-2% inches). 
® Significant at the 1% level with 58 degrees of freedom. 
* Significant at the 5% level with 58 degrees of freedom. 


TABLE 5 


Regression coefficients, standard errors, and the per cent 
determination in estimating total trim waste, 
1957-58 season, apple slices study 


Item | Constant | Coefficient 7 

4.302 0.85 
1.81% 0.85 
2.772 0.85 
Plant D 0.654 0.85 
Size 2% to 2% inches ool —0.15¢4 0.69 
Size 2% inches and larger - Ss —0.894 0.66 
Grade A.. —0.52¢ 0.75 
Grade B.. i 2.902 0.75 
5.012 0.85 

Differential for size 0.0036 


Per cent determination.. 0. 62652 | 

Includes the values for Pa and Si: (2% —2% inches) and Gi, (Ww. 
No. 1). 

® Significant at the 1% level with 55 degrees of freedom. 

* Significant at the 5% level with 55 degrees of freedom. 

* Not significant at the 1 or 5% level with 55 degrees of freedom. 


TABLE 6 


Regression coefficients, standard errors, and per cent 
determination in estimating defect trim, 


Standard 


error 


Constant 


Coefficient 
0.892 0.94 
1.462 0.83 
3.758 0.83 

0.612 0.83 
Size 2% to 2% inches = 0.382 0.76 
Size 2% inches and larger. eed . 1.412 0.73 
Grade 2 on 3.87% 0.94 
Grade A... onl i —0.732 0.94 
Grade B.. - 2.244 0.94 

4.13% 0.94 
Differential for size. 0.0058 


0.5445 


1 Includes the values for Pa Si (2\%-2% inches) ond Gi, (Ww. 
No. 1). 

2 Not significant at the 1 or 5% levels with 55 degrees of freedom. 

* Significant at the 1% level with 55 degrees of freedom. 

* Significant at the 5% level with 55 degrees of freedom. 


Per « cent determination 
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Donne THE COMMERCIAL produc- 
tion of dehydrated onions one of the problems is the 
development of a pink pigment in the onion during 
the dehydration process. The cause is unknown, and 
there are no reports upon it in the literature. Many 
people familiar with this phenomenon believe it is 
caused by the growth of bacteria or fungi. There is a 
disease of the onion called pink root which is caused 
by a fungus attacking the growing bulb and causing 
the roots to die (11). This disease, however, does not 
usually attack the flesh of the onion itself. Several 
types of food spoilage organisms will cause pink 
colors to develop during the processing—such as those 
which cause red sauerkraut or red bread (8). But to 
ascribe the cause of pink onion to these organisms is 
of dubious merit since pink material can be found 
which has a very low bacteria count and from which 
no pink bacteria can be isolated. The present investi- 
gation was prompted by a desire to find the true cause 
of this pigmentation. 


EXPERIMENTAL 


The first phase of the investigation was undertaken 
to determine if bacteria are essential for the pigment 
development or whether it will form in their absence. 
To this end sterile purées were prepared and then 
checked for their ability to turn pink. 

Method for determining possible role of bacteria. Several 
mature onions of the Southport White Globe variety were 
dipped into aleohol. The skin and several of the outer fleshy 
layers as well as the neck and root base were removed with a 
sterile knife. The inner part was then puréed with an equal 
weight of sterile water in a sterile Waring blender for 5 min- 
utes. The bacteria counts of these preparations were well below 
100 per gram. To prevent any possibility of growth from the 
few remaining contaminating organisms, the pH was lowered 
to 4.0 with 1.0 N HCl and then 1.0% sodium benzoate was 
added. This preparation was placed in sterile cotton stoppered 
flasks and ineubated at 37° C. along with similar purées made 
without aseptic precaution and containing no germicides. At 
the end of 24 hours both the sterile and non-sterile preparations 
were very pink, the former having the deeper color. In 48 hours’ 
ineubation the controls were bleaching out and fermenting 
strongly while the sterile flasks were still very pink, showing no 
sign of bacteria growth. This experiment would indicate that 
not only were bacteria unessential for pigment formation, but 
that heavy contamination of an onion piece might cause the 
disappearance of some of the pigment. 

If bacteria did not cause the pinking of onions, what was 
the causative agent? The first possibility that came to mind 
was the various enzyme systems, such as polyphenolase or per- 
oxidase which will cause pink or red discoloration in many 
vegetative products during processing. Onions are not blanched 
prior to dehydration and hence these enzymes are not destroyed. 
Because the low temperatures used during dehydration will 
not cause their inactivation, they will do their work whenever 
the conditions enable them to do so. The probability of an 
enzyme reaction being involved in the pigment formation was 
demonstrated by the following experiment. 

Method for studying influence of enzyme. Fresh onions were 
sliced into boiling distilled water and blanched until they were 
peroxidase negative; then they were puréed in a blender. This 
preparation did not turn pink when held in a water bath at 
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40° C. unless a small amount of unblanched onion juice was 
added to it. In a similar manner dehydrated powdered onion 
was reconstituted with boiling water and then held in a water 
bath and did not pink unless a small amount of unheated pow- 
der was added to it. 


It would seem probable that the unheated onion provided the 
necessary enzyme system back to the purée which had had its 
original enzyme destroyed by heating. The amount of raw 
juice or powder added to the blanched preparation was not the 
source of the pigment as equal amounts added to distilled water 
and held simultaneously with that added to the blanched purées 
developed only a very faint color as contrasted with the deep 
red color of the latter. This enzyme was separated from raw 
onion juice by using the technique of isoelectric precipitation. 
The method used was similar to that employed by Seebeck and 
Stoll (6) to isolate the enzyme alliinase from garlic juice. 

Several White Globe onions were now peeled and ground 
with an equal weight of water for 30 seconds in a blender. The 
juice was pressed out through cheese cloth and adjusted to pH 
3.5-4.0 with diluted HCl. After standing several hours the 
precipitated material was filtered off and the solids were re- 
suspended in pH 6.0 citrate-phosphate buffer. The solution was 
filtered and the enzyme was found in the clear filtrate. 

This enzyme solution did not turn pink by itself, but when 
blanched onion juice was added to it, the resulting mixture 
turned pink if held several hours at 40°C. Heating of the 
enzyme solution to 90° C. for two minutes inactivated it and 
destroyed its ability to cause pigment formation. While the 
above experiments would indicate that enzymes play a strong 
role in the development of pinking, the embarrassing fact kept 
cropping up during these investigations that under some condi- 
tions the pink pigment would form,in the absence of any 
enzyme. This was demonstrated by the following experiments. 

Method for studying development of pink pigment in the 
absence of enzyme. Fresh onions were ground in a blender and 
the purée was allowed to stand a few minutes to allow the na- 
tive enzyme to act. Then ethyl aleohol was added to a final 
coneentration of 80% to precipitate the proteins. These were 
filtered off and the clear, non-pink filtrate was distilled off 
under vacuum to remove the alcohol. The preparation turned 
pink even though there was no enzyme present. In a similar 
manner dehydrated onions, if first reconstituted in cold water 
and then the enzyme precipitated with aleohol before any pig- 
ment develops, later turned pink in the absence of the enzyme. 
If hot water was used for the reconstitution, the color did not 
develop. 

In both of these experiments with fresh and dehydrated 
onions it was necessary for the enzyme to act first and then the 
reaction would continue in its absence. At this point in the 
investigation it seemed probable that the pinking reaction took 
place in two stages. First, there was an enzyme which acted on 
a substrate to produce a compound which would then non- 
enzymatically turn pink. An effort to isolate this last compound 
was made so that its properties might be determined. 

Fresh onions were found to be the best source of this com- 
pound, These were ground up and the juice pressed out through 
a cloth and then filtered clear. The resulting solution was 
chilled to 0° C. te slow down the reaction and various solvents 
were used to determine their ability to remove the color de- 
veloping compound before it turned pink. It was noted during 
the course of the investigation that ether extraction could 
decrease the ability of the juice to pink. In fact, the juice 
could be repeatedly extracted with ether before the pigment 
developed—after which the aqueous residue could not develop 
the pigment upon standing. However, if the ether solution 
fraction was evaporated down and the residue added back to 
the aqueous residue, then the mixture would pink. Neither 
would produce color when held separately but would when com- 
bined. 
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This indieated there were at least two compounds involved 
in the nonenzymatic phase of pinking. One was ether soluble 
and the other was insoluble. Attempts to identify the active 
principle in the ether soluble fraction have not been successful, 
but the water soluble compounds have been identified. 

The active ingredients in the aqueous residue of the ether 
extraction juice were identified by spotting the juice very 
heavily on.a filter paper chromatograph and chromatographing 
it in the aseending direction using tert-butanol-formie acid- 
water solvent (70). After the solvent had evaporated a suspen- 
sion of the ether soluble fraction in pH 5.6 citrate-phosphate 
buffer was sprayed onto the paper and the moist paper placed 
in a humid ineubator at 40° C. for several hours to let the non- 
enzymatic reaction take place. When the chromatogram was 
examined there was found not one spot but a whole series of 
pink spots. Duplicate chromatograms were sprayed with vari- 
ous developing agents, and it was found that the pink spots 
corresponded in location with that of the amino acids present 
on the paper. This indicated that the ether soluble fraction 
was reacting with the amino acids in the onion juice. That 
this is true can be demonstrated by the following experiment. 

Method for studying role of amino acids. Onion juice made 
by grinding several white onions in a meat grinder and pressing 
through cloth was then shaken with an equal volume of ether 
immediately after preparation and before pink color developed. 
After separation the ether layer was removed and the ether 
distilled off. The residue was a greenish yellow paste. This 
was shaken with a small amount of pH 5.6 ecitrate-phosphate 
buffer and the insoluble material filtered off. The filtrate was 
saved as it contained the color developing compound. This 
solution was a slightly cloudy, almost colorless, fluid which did 
not turn pink by itself. However, it needed only a small amount 
of the amino acid glycine added to it to develop a deep lavender 
color after a few hours incubation at 40° C, 

The ether extraction of the juice of blanched onions did not 
extract any compound which would develop a color when amino 
acids were added to it. Such a juice would, even after ether 
extraction, turn pink if the enzyme was added to it. This 
would indieate the preeursor of the color developer was not 
ether soluble. 

Figure | illustrates the absorption curves of the pigment 
extracted from dried onions whieh have developed pinking dur- 
ing dehydration. Curves are also shown of the pigment formed 
when the ether soluble color developer and several different 
amino acids were mixed. 


300 


Figure 1. Absorbance of pink onion juice and isolated fractions. 


The general shape of the curves is similar, but the absorp- 
tion maximum varies slightly with the amino aeid used. Gluta- 
mic acid shows a peak at 490 ma, methionine at 500 mye and 
giyeine at 520 ma, Two different varieties of onions were used 
for the two onion pigment curves. One sample peaked at 
520 ma and the other at 530 ma, 


DISCUSSION 


The evidence would indicate that there is an essen- 
tial enzyme step in the first phase of the pigment for- 
mation. This takes place quite rapidly after the 
tissues are crushed. The speed of this first step is 
indicated by experiments in which the juice was ether 
extracted and the ether layer separated from the 
aqueous layer within 15 minutes after crushing. 
When tested, this gave as good a yield of color de- 
veloper as did juice which was allowed to stand an 
hour before extraction. 

There is little in the literature in regard to the 
enzyme systems of onions. Peroxidase is present as 
can be demonstrated by the color developed by the 
familiar guaiacol plus hydrogen peroxide test. Cata- 
lase is present in the raw juice as indicated by the gas 
produced when hydrogen peroxide is added to it. 

There is some similarity between the onion pigment 
formation and the reaction of tyrosinase on various 
phenolic compounds to produce pigments (7). This 
enzyme reacts with tyrosine to produce the red pig- 
ment hallochrome. With both tyrosine and phenols, 
the reaction proceeds in at least two stages, the first 
being the actual enzyme reaction on the substrate 
which is then followed by a non-enzymatic condensa- 
tion to produce the actual colored product. 

There is an even greater similarity between pinking 
of onions and the reaction between phenols and amino 
acids which produce colored pigments (2, 3, 9). This 
reaction also takes place in two stages. First, there is 
the oxidation of the polyphenol by polyphenolase to 
quinones which then non-enzymatically react with the 
amino acids present in solution to produce colored 
compounds, 

Polyphenolase has not been found in the onions, but 
phenols have been found in pigmented onions but are 
wholly absent or if present, only in very small 
amounts in white onions (1, 5). Checks on the ability 
to pink indicate that the latter are more susceptible to 
pinking than are yellow onions, which would lead one 
to question whether or not phenolic compounds are in- 
volved. The addition of guaiacol or catechol plus 
glycine to onion juice does not cause an increase in 
the amount of pinking over those aliquots which have 
glycine alone added. 

The substrate which the enzyme acts upon to pro- 
duce the non-enzymatie colorless color developer is a 
water soluble compound which is relatively heat 
stable. Long heating at the temperature of boiling 
water does seem to cause some decomposition. Such a 
preparation does not develop as much pigment as do 
those which have been heated only long enough to 
destroy peroxidase. The colorless compound result- 
ing from the action of the enzyme on its water soluble 
precursor is moderately ether soluble and can be 
extracted with it from the juice after the raw tissues 
have been crushed and before the color develops. It is 
fairly heat stable but heating in boiling water will 
slowly destroy its ability to develop color with amino 
acids. 

The non-enzymatie phase of the reaction is much 
slower than the enzymatic phase. Strong concentra- 
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When packaging innovations demand new machines 
Continental customers get them first 


The imagination of the mechanical engineer is indis- 
pensable in turning relatively high cost tinplate into 
low cost cans. His basic knowledge of physical engi- 
neering principles enables him to design equipment 
and devices that will turn out a perfect product with a 
minimum of lost motion and energy. 

Applying the latest scientific theories and principles, 
mechanical engineers at Continental's Metal Division 
Research and Development Center have designed ma- 
chines that will make high quality cans at 800 per 
minute and close them at 1200. Their problems range 
from those associated with massive manufacturing and 
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As a Continental customer, you can be sure that the 
best in scientific manpower, facilities and equipment 
are always working in your behalf. 


Eastern Division: 100 E. 42nd Street, New York 17 
Central Division: 135 So. La Salle St., Chicago 3 

Pacific Division: Russ Building, San Francisco 4 
Canadian Division: 111 Richmond Street W., Toronto, Ont 
Cuban Office: Apartado 1709, Havana, Cuba 


r 
THE MECHANICAL ENGINEER 


PINKING OF ONIONS 


tions of the color developer and amino acids take sev- 
eral hours to develop color at 40°C. The pink or 
lavender color will develop with a wide range of 
amino acids. Those tested and which developed the 
color are aspartic acid, glutamic acid, alpha-amino-n- 
butyric acid, methionine, lycine, alanine, leucine, nor- 
valine, tyrosine, arginine, phenyl alanine, valine, 
serine, norleucine, isoleucine and glycine. The follow- 
ing would develop no color under the same conditions 
as the above: asparagin, histidine, glutathione, hy- 
droxyproline, proline, tryptophane, threonine and cys- 
teine. Distillation Products Industries amino acids 
were used, as received, in the above tests. 

The pigment so formed is insoluble in ether, hexane, 
benzene and chloroform. It is soluble in water and 
alcohols. 

Since the submission of this paper for publication 
another paper has been published on the pinking of 
onion purées (4). The authors believe the pink pig- 
ment to be a new type of nitrogenous water soluble 
pigment differing from previously investigated plant 
pigments, possibly formed from Leucoanthocyanin 
like precursors. 


SUMMARY 


This investigation as to the causes for the develop- 
ment of a pink pigment in onions while being dehy- 
drated has demonstrated it is not due to bacterial 
aetion. The actual course of the reaction is as follows. 
When the onion cells are ruptured, the native enzymes 
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react with a substance in the juice to form a color de- 
veloper. This then reacts non-enzymatically with the 
amino-acids in the onion to form a pink pigment. 


LITERATURE CITED 


. KuropaA AND UmeEpa. The pigments and related 
compounds in the outer skins of onion bulbs. J. Sei. 
Research Inst. (Tokyo), 45, 17 (1951). 

2. CHopat, V. R. Oxidation enzymes. Arch. Sci. Phys. Nat., 
33, 225 (1912). 

3. James, W. O. Secondary oxidation of amino acids by the 
eatechol oxidase of belladonna. BioChem. J., 43, 626 
(1948). 

. Jostyn, M. A., AND Pererson, R. G. Reddening of white 
onion bulb purées. J. Ag. Food Chem., 6, 754 (1958). 

. Link, K. P., ANnp Watket, J. C. The isolation of catechol 
from pigmented onion seales and its significance in 
disease resistance. J. Biol. Chem., 100, 379 (1933). 

. A., AND Seespeck, E. Allium compounds. Enzymatic 
degradation of allinine and the properties of allinase. 
Helv. Chem, Acta., 32, 197 (1949). 

. Sumner, J. B., Anp Somers, G. F. Chemistry and Methods 
of Enzymes. 1953. Academic Press, Inc. New York, New 
York. 

. TANNER, F. W. The Microbiology of Foods, 1944, Garrard 
Press, Champaign, Il. 

. TrauTNEs, E. M., AND Rosperts, E. A. H. Oxidative deami- 
nation of amino acids by catechol and polyphenolase. 
Aust. J. Sci. Res., 3B, 356 (1950). 

. UNpERWoop, J. C., AND RocKLANp, L. B. Small-seale filter 
paper chromatography. Anal, Chem., 26, 1553 (1954). 

. Waker, J. C. Onion diseases and their control. Farmers 
Bull. 1060. U. 8. Dept. of Agrieulture (1947). 


4 


Changes in the Carotenoid Pigments in 
Preparation and Storage of Valencia 
Orange Juice Powder 


(Manuscript received January 23, 1959) 


Procusszp ORANGE JUICE products, 
such as canned single-strength juice, concentrated 
juice, or powder, undergo considerable deterioration 
on prolonged storage at room temperature. Among 
the changes that occur are ascorbic acid loss, darken- 
ing and development of an unpleasant off-flavor. 
Also, in unpublished work at this laboratory, Mylne 
found decreases up to 30% in total carotenoid con- 
tent, measured colorimetrically, of canned Valencia 
orange juice after storage for 1 year at 70° F. Ina 
study of storage changes in orange juice powder, 
Mylne and Seamans (5) noted a decrease in total 
carotenoids of 18% during the conditioning period 
(75 days at 70° F.) and a further drop of 14% dur- 
ing storage at 100° F. for 6 months, a total of 32%. 
During 100° F. storage the carotenoid content 
dropped rapidly initially and then leveled off. It was 
stated that these decreases may have been due to se- 
lective oxidation of the carotenoids most susceptible 
to oxidation. 

The carotenoids of Valencia orange juice were in- 
vestigated by the present workers (1, 2, 3), using 
countercurrent distribution to effect an initial frae- 
tionation, followed by chromatography to isolate the 
individual constituents. The carotenoid mixture was 
shown to consist of more than 20 components, 3 of 
which were provitamins A. The major part of the 
carotenoids were xanthophyll 5,6-epoxides and their 
acid-catalyzed isomerization products, the xantho- 
phyll 5,8-epoxides.” An investigation was later made 
(4) of the carotenoids of canned Valencia orange 
juice which had been stored for three years at room 
temperature. It was found that the xanthophyll 5,6- 
epoxides had entirely disappeared, while the 5,8-epox- 
ides were present in greater proportions than in fresh 
juice. 

A study has now been made of the changes in indi- 
vidual carotenoids occurring in Florida Valencia 
orange juice during preparation of powder, on condi- 
tioning of powder for 78 days at 77° F., and on subse- 
quent storage for 6 months at 100° F. A comparison 
was also made of the composition of the carotenoid 
fractions from single-strength and 6-fold concen- 
trated juices. 

“A laboratory of the Western Utilization Research and De- 
velopment Division, Agricultural Research Service, U. 8S. De- 
partment of Agriculture. 

* The 5,6- and 5,8-epoxides were referred to in earlier publi- 
eations by the present authors as epoxides and furanoxides, 
respectively. 


A. Laurence Curl and 
Glen F. Bailey 


Western Regional Research Labora- 
tory," Albany 1|0, California 


EXPERIMENTAL 


Materials. Single-strength (very high in pulp) and 6-fold 
coneentrated Valencia orange juices were obtained from a com- 
mercial processing plant in Florida. The 2 juices were obtained 
f-om separate batches; neither received any heat treatment. 
The juices were frozen, shipped to California in dry ice storage, 
and on arrival were stored at —10° F. 

Orange juice powder was prepared by the vacuum puff- 
drying method as deseribed by Strashun and Talburt (6), using 
the concentrate to which 0.12 g. of NaHSOs and 4.2 g. of 
orange juice pulp (from the single-strength juice) per pound 
were added. The puff-dried powder, which contained 3% mois- 
ture, was passed through a 6-mesh sereen and packaged in a 
low-humidity room in 202 x 314 eans. Each ean contained 75 g. 
of powder, a desiccant package, and 0.8 g. of sorbitol granules 
(10-20 mesh) which contained 4.8% cold-pressed orange oil. 
Cans were sealed under 29 in, vacuum. 

The powder was ‘‘conditioned’’ at 77° F. for 78 days in 
order to reduce the moisture content to 1% and then stored at 
100° F. for 6 months. Lots of 4 cans each of the freshly pre- 
pared, conditioned, and stored powders were used in a study of 
the changes occurring in the carotenoid constituents. 

Extraction of pigments. The procedure used was a modifica- 
tion of that previously described (1). Single-strength juice 
after thawing was mixed with an equal volume of methanol. 
After standing about 30 minutes filter aid (2% by weight of 
the juice) was added and the mixture was filtered on a Buechner 
funnel precoated with filter aid. The filter cake was washed on 
the funnel 3 times with 50% methanol; it was then blended a 
short time with acetone, filtered on a sintered glass funnel, and 
washed with acetone until the washings were colorless. The 
neetone was evaporated in racuo, and the residue transferred 
to a separatory funnel. The flask was washed once with water 
and then with ether (peroxide-free), ca. 1 g. of sodium chloride 
was added, and the mixture was extracted repeatedly with 
ether until the extracts were practically colorless. The com- 
bined ether extracts, with absolute aleohol added to remove 
water, were evaporated in vacuo. 

The residue was dissolved in ether and transferred to a 
100-ml. volumetric flask. Twenty-five ml. of a 20% solution of 
potassium hydroxide in methanol was added, the flask was filled 
with ether, and the mixture was allowed to stand in the dark 
overnight. The mixture was then transferred to a separatory 
funnel with water (9 volumes per volume of potassium hydrox- 
ide in methanol used) and ether, ca. 1 g. of NaCl was added, 
and the mixture extraeted with ether. The combined ethereal! 
extracts were washed 7 times with water and absolute alcohol 
was added. The extracts were evaporated in vacuo, and the 
residue was dissolved in the upper layer of the solvent system 
used in countercurrent distribution. 

The concentrated juice and powders were dissolved in 2 and 
4 ml. of water per gram, respectively, and the solutions worked 
up as deseribed above. 

Countercurrent distribution. Preparations from all 5 ma 
terials were used in 200—transfer runs in a glass Craig ap- 
paratus with the solvent system benzene, petroleum ether 
(Skellysolve B) and 87% methanol (1 to 1 to 1.15 by volume). 
The procedure used in countercurrent distribution was pre- 
viously described (1). At the end of the run the solution in 
each tube of the Craig apparatus was withdrawn with a glass 
syringe and transferred to a test tube. The solution left ad- 
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hering to the walls of the extraction tubes, transfer tubes, con- 
necting tubes, ete., was disearded because it is practically im- 
possible to remove it completely. This represents a loss of 
about 1-2% and is almost the same for each tube in the 
apparatus, so that it has no effect on the distribution curves 


(Figure 1). 


B-Corotene),, 
& 


a 


@ 


Carotenoids (as 44g 


120 
Tube Number 
Figure 1. Countercurrent distribution of saponified carote- 
noids from Florida Valencia orange juice powders. Freshly 
prepared ; conditioned aged 
System—Peiroleum ether-benzene —87% methanol. 


The solution from every other tube was diluted with acetone 
to 30 ml. and the depth of color was then measured in an 
Evelyn photoelectric colorimeter using filter 440. Further dilu- 
tions if necessary were made with acetone. The values obtained 
were converted to total carotenoids by the use of a standard 
curve obtained with 8-carotene. This method was used to ob- 
tain approximate values for the total carotenoid content of the 
various tubes, since the bulk of the carotenoids of oranges have 
spectral absorption maxima close to those of 8-carotene. Some 
constituents, such as phyteene, phytofluene, {-carotene, auro- 
xanthins, valenciaxanthin and sinensiaxanthin give very low or 
zero values by this method. 

On the basis of color measurements (Figure 1) the contents 
of the tubes of the Craig apparatus were combined into 5 frae- 
tions. These were shown in earlier work (1, 3) to be: hydro- 
earbons + monols; diols; monoepoxide diols; diepoxide diols; 
and polyols. The 5 fractions, each with added absolute alcohol, 
were evaporated in vacuo. The residues were dissolved in ben- 
zene, except the hydrocarbon-monol fraction where petroleum 
ether was used. 

Chromatography. The solutions, or aliquots of them, were 
then chromatographed on columns of magnesia (Westvaco No. 
2642) plus filter aid (1: 1 by volume or 1: 2.3 by weight, respec- 
tively). The bands were eluted from the column by a graded 
series of eluents; the eluents were changed at intervals de- 
pending on rate of separation and elution of the various bands. 
For the diols, monoepoxide diols, and diepoxide diols, the 
eluents were 3.5%, 5%, 7%, 10%, 15%, and 25% ethanol in 
petroleum ether. The same series was used for the polyols 
starting with the 7% solution. In order to eluate the final 
fractions from the diepoxide diol and polyol fractions, 20% 
ethanol in benzene was used. For the hydrocarbon-monol frae- 
tion the eluents were successively 14%, 20%, 30%, 45%, and 
70% benzene in petroleum ether and then benzene (these 
elute the hydrocarbons), followed by 0.5%, 0.7%, 1%, 14%, 
and 2% ethanol in petroleum ether (the latter elute the 
monols ). 

Each band eluted was collected separately, the solution was 
evaporated in vacuo, the residue dissolved in a measured 
volume of petroleum ether (hydroearbons and monols) or ben 
zene, and curves were run in a Cary recording spectrophotome- 
ter. The total absorbance of each constituent at its principal 
maximum was then calculated (the values for trans- and cis- 


isomers of a given carotenoid were combined, also other stereo- 
isomers such as mutatoxanthins a and b, and luteoxanthins a 
and b) and from these values the total absorbance of all con- 
stituents and the percentage of each constituent, No correetion 
was made for the different values of the specific absorbances 
of the various constituents because most of these values are 
unknown. The known values are of similar magnitude. 


In addition to the sources of error or loss given above, it is 
probable that small losses occurred due to atmospheric oxida- 
tion during the various procedures, All operations were carried 
out in dim light and all solutions kept at 45° F. or lower 
whenever possible. The results obtained by the above pro- 
cedures are obviously not strictly quantitative; henee small or 
moderate variations are of little significance. The results do 
show the relative abundance of the various constituents, and 
the major changes that occurred during the conditioning and 
aging processes, 


RESULTS AND DISCUSSION 


Single-strength juice. The content of total carote- 
noids (measured colorimetrically and calculated as 
B-carotene) after saponification in this very pulpy 
juice was about 16 mg. per liter. The distribution of 
the saponified carotenoids from the single-strength 
juice (Table 1) was similar to that of a similar prepa- 
ration from California Valencia orange juice (1). 
The components obtained on chromatography (Table 
2) were also quite similar (1, 2, 3), with two minor 
additions. The first, minor band eluted from the 
monoepoxide diol fraction on chromatography had 
absorption maxima in benzene of 479, 448 and 422 mz, 
which are almost the same values as a mono-cis viola- 
xanthin (3). It was tentatively identified as a cis- 
lutein-5,6-epoxide. Another component from the 
monoepoxide diol fraction had spectral absorption 
maxima in benzene of 461, 433 and 409 mp. After 
treatment with hydrochloric acid in methanol (3), the 
maxima were at 459, 433 and 409 mp. This was tenta- 
tively identified as flavoxanthin (lutein 5,8-epoxide), 
not previously found in orange juice carotenoids. If 
this band had been a luteoxanthin [diepoxide diols 
(3) which have similar absorption maxima], these 
maxima would have been shifted to those of auroxan- 
thin (436, 411, 389 mz). 

Concentrated juice. The total carotenoid content, 
measured colorimetrically after saponification, of the 
6-fold concentrated juice was 39 mg. per kg., equiva- 
lent to about 8 mg. per liter of single-strength juice. 
The distribution of the carotenoids (Table 1) was 
similar to that of the single-strength juice. The com- 
position of the carotenoid mixture (Table 2) was simi- 
lar to that from the single-strength juice; there was 
a somewhat higher ratio of 5,6-epoxide to 5,8-epoxide 
in the concentrate carotenoids than in those from the 
single-strength juice, indicating that no significant 
change in the carotenoid fraction had taken place 
during the concentration process, which is generally 
carried out at a low temperature, sometimes even be- 
low room temperature. Violaxanthin (zeaxanthin 
5,6,5’,6’-diepoxide) is one of the most labile of the 
carotenoids and is isomerized in the presence of acid 
to luteoxanthins (zeaxanthin 5,6,5’,8’-diepoxides) and 
then to auroxanthins (zeaxanthin 5,8,5’,8’-epoxides). 
The relative amounts of these substances is an index to 
the extent of contact of the carotenoids with acid. 
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TABLE 1 
Countercurrent distribution of carotenoids from Florida Valencia orange juice in benzene-petroleum ether—87% methanol 


Ratio to amount found in freshly 
prepared powder 


Percentage of total carotenoids ' 


strength Concentrate powder | powder | Conditioned Aged 
Hydrocarbon-Monol................0..000.--. 14 13 14 18 23 1.03 0.97 


Monoepoxide 


Entire sample 


' Measured colorimetrically with 440 ‘ms filter. 


TABLE 2 
Carotenoid composition of Florida Valencia orange juices 


Ratio to amount found in freshly 
prepared powder 


Approximate per cent of carotenoid mixture * 


ingle res Condition 
strength Concentrate powder powder powder Conditioned Aged 
14 coos ® 2.1 2.5 | 3.2 1.02 1.60 
0.6 0.6 0.6 0.8 | 0.9 | 1.08 0.98 
1.0 14 1.1 | 1.5 | 1.7 | 1.09 1.01 
1.2 1.8 1.6 2.1 2.4 | 1.11 0.98 
Zeta-COrToteNe..........6ccccccccceees ° 1.1 1.5 | 1.7 | 2.2 2.4 } 1.07 0.91 
Gamma-carotene-like............. 0 0.2 0.2 0.2 0.5% 0.88 
Hydroxy-alpha-carotene....... 2.9 2.8 5 5 2.8 | 0.85 0.73 
54 5.6 6.6 0.93 | 0.98 


0.85 
0.90 


| 0.10 
11.6 13.4 12.2 5.4 0.7 0.38 0.007 


Antheraxanthin 
Flavoxanthin.. 
Mutatoxanthin 


Luteoxanthins.............00..0000 2. ef 15.0 10.6 0.7 0.60 0.03 


Entire sample O91 | 0.72 


! Calculated from sum of adsorbances at principal maximum on Cary spectrophotometer curve for each constituent. 
* Probably present but obscured by impurity. 

® Spectrophotometer curve indicated band was quite impure. 

* Probably present but obscured by trollixanthin-like pigment. 


One very minor component was found which had The percentages of the individual carotenoids (Table 


not been found previously in orange juice carotenoids. 2) were in most cases close to those of the carotenoids 
It occurred in the column between {-carotene and from the concentrate. The acid-catalyzed 5,6-epoxide- 
hydroxy-a-carotene and had spectral absorption maxi- 5,8-epoxide change had occurred to a minor degree, 
ma in petroleum ether of 459 and 436, with a pro- the percentages of antheraxanthin and violaxanthin 
nounced shoulder at 489 mp. These values are con- decreasing and those of the mutatoxanthins, luteoxan- 
siderably higher than those of B-carotene and are a thins, and auroxanthins increasing. On the whole the 
few mp below those of y-carotene. This fraction may ehanges occurring in the powder preparation were 
be impure y-carotene, or a cis-isomer or mixture of minor. 
isomers thereof. Due to the small amount of carote- Conditioned powder. The total carotenoids, meas- 
noid present it was not further investigated. ured colorimetrically after saponification, amounted 
Powdered juice. As stated above, the powdered to about 47 mg. per kg., a decrease of 22% during the 
juice was prepared from the concentrate, with some conditioning period. The distribution (Figure 1, 
added pulp from the single-strength juice. A small Table 1) showed little change in the hydrocarbon- 
amount of carotenoids was also present in the cold- monol and diol fractions, moderate decreases in the 
pressed orange oil added to the finished powder. The monoepoxide diol and polyol fractions, and a large 
total carotenoid content, after saponification, was decrease in the diepoxide diol fraction. The increases 
about 61 mg. per kg. (measured colorimetrically). (Table 1) in the percentages (based on total carote- 
The distribution of the carotenoids (Figure 1, Table noids) of all of the other fractions was due to this 


1) was similar to that of the concentrate carotenoids. large decrease. Table 2 shows that the 5,6-epoxide-5,8- 
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epoxide isomerization had proceeded to a considerable 
extent, well over half in the case of antheraxanthin 
and 90% for violaxanthin. No significant changes had 
occurred in the non-epoxide carotenoids. 


Aged powder. The total carotenoids when measured 
colorimetrically after saponification had declined to 
36 mg. per kg., a decrease of 41% based on the fresh 
powder. The distribution (Figure 1, Table 1) now 
showed little change in the hydroecarbon-monol frac- 
tion, and a decrease of around 20% for the remainder, 
when compared with the conditioned powder carote- 
noids. The shift in the positions of the maxima in 
Figure 1 was due to the use of an automatic filling de- 
vice which delivered about 11 ml., instead of the usual 
10 ml., so that the upper layer in each tube was larger, 
and the fractions were moved along a few tubes fur- 
ther in the Craig apparatus. Figure 1 for the aged 
powder is similar to the curve obtained for the carote- 
noids of aged canned Valencia orange juice (single- 
strength, stored at room temperature for 3 years) (4). 

Table 2 shows that the 5,6-epoxides (antheraxan- 
thin, violaxanthin, luteoxanthins, lutein 5,6-epoxide, 
valenciaxanthin, sinensiaxanthin, trollixanthin-like) 
had practically all disappeared. Increases were found 
in all of the corresponding 5,8-epoxides except sinen- 
siachrome, none of which was found. The increases in 
5,8-epoxides, in particular in the mutatoxanthins and 
auroxanthins, were considerably less than the de- 
creases in the corresponding 5,6-epoxides. This might 
mean that a part of the 5,8-epoxides disappeared dur- 
ing the aging process, or else the residual 5,6-epoxides 
had decomposed to form substances, perhaps colorless, 
other than the 5,8-epoxides. Trollein (3) appeared 
for the first time in the aged juice when the trollixan- 
thin-like substanee had practically all disappeared. 
These two substances are separated poorly under the 
conditions used for chromatography. 

It is noteworthy that the three provitamins A, a- 
and 8-carotenes and eryptoxanthin, were found in 
practically unchanged amounts at the end of the aging 
period. 

Table 1 shows that in the conditioning and aging 
processes there were decreases in the total carotenoids 
(when measured colorimetrically with a 440 mz filter ) 
of 22 and 19%, respectively, whereas in Table 2 where 
the contents of the individual carotenoids were 
measured spectrophotometrically, the decreases in 
total carotenoids were 9 and 19%, respectively, for 
the 2 periods. The difference between the values of 
22 and 9% for the 2 methods during the conditioning 
period is probably due largely to the isomerization of 
violaxanthin and the luteoxanthins to auroxanthins. 
The absorption maxima of the latter (427, 402 and 381 
my in ethanol) are at wave lengths below that of the 
440 mz filter used in the Evelyn colorimeter, with the 
result that solutions of auroxanthins give much lower 
values when measured colorimetrically. The changes 
with violaxanthin, a 5,6,5’,6’-diepoxide, are much 
more pronounced than for the other 5,6-epoxides 
which are all monoepoxides. 


The specific absorbances of carotenoids generally 
deerease with decrease in wave length of the spectral 


absorption maxima. 5,6-expoxides generally have 
higher specific (or molar) absorbances than the cor- 
responding 5,8-epoxides, hence this isomerization re- 
sults in an apparent loss of total carotenoids when 
measured spectrophotometrically. 

In many cases, in the carotenoids from the aged 
juice, the spectral absorption maxima occurred at 1 or 
2 mp shorter wave length than in the corresponding 
fractions from fresh powder. This indicates that con- 
siderable trans-cis isomerization occurred during the 
conditioning and aging processes. Cis-isomers gen- 
erally have lower specific absorbances than the cor- 
responding all-trans isomers. This trans-cis isomeriza- 
tion may have been responsible, at least in part, for 
the moderate decreases observed for a number of 
carotenoids, such as {-carotene, hydroxy-a-carotene, 
lutein and zeaxanthin. 

Thus, the 5,6-epoxide-5,8-epoxide and trans-cis 
isomerizations are probably responsible for a consider- 
able part of the apparent losses of either total carote- 
noids measured colorimetrically or of individual 
carotenoids measured spectrophotometrically, which 
occur on conditioning and aging of orange juice pow- 
der. Other reactions resulting in the formation of 
colorless products may be responsible for a part of 
the apparent losses. 


SUMMARY 


A study was made of the changes in the carotenoid 
fraction during the preparation and storage of pow- 
dered Florida Valencia orange juice. The composi- 
tion of the carotenoid mixtures from frozen single- 
strength and concentrated juices showed no signifi- 
cant differences indicating that the concentration 
process had little or no effect. In the preparation of 
powdered orange juice a minor part of the carotenoid 
5,6-epoxides, which compose about 3% of the pigments, 
was isomerized to 5,8-epoxides. This change occurred 
to a much greater extent on conditioning the powder 
at 77° F. for 78 days. On subsequent storage at 
100° F. for 6 months, the 5,6-epoxides practically all 
disappeared and appreciable decreases were found in 
some of the non-epoxide carotenoids, which may be, 
at least in part, accounted for by trans-cis isomeriza- 
tion. Most of the apparent decrease in total carotenoid 
content, when measured colorimetrically at 440 mp or 
spectrophotometrically for individual constituents can 
be accounted for by these isomerizations. No losses 
were observed in the provitamins A (eryptoxanthin 
and f- and a-carotenes) during the conditioning and 
aging periods. 

The composition of the carotenoid mixture from 
Florida and California Valencia orange juices was 
similar, though the total content was lower in the 
Florida juice. Two very minor components ob- 
tained from Florida juice which had not previously 
been found in California juice, were apparently 
lutein 5,6-epoxide and the corresponding 5,8-epoxide 
flavoxanthin. 
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Storage Characteristics of Some Irradiated Foods 
Held at Various Temperatures Above Freezing: 


|. Studies with Chicken Meat and Sweet Potatoes 


(Manuscript received May 31, 1958) 


Arnoven MANY INVESTIGATORS 
have reported the immediate effects induced in vari- 
ous foods treated with ionizing radiations, little infor- 
mation is available concerning the behavior of irradi- 
ated foods during storage at different temperatures. 
The objective of this investigation was, therefore, to 
observe and study the storage characteristics of a 
variety of irradiation-sterilized meats, fish and vege- 
tables held at temperatures ranging from 50° F. to 
125° F. These food items included beefsteak, chicken, 
hamburg, fresh pork sausage, halibut steaks, scallops, 
green beans, spinach, and sweet potatoes. The selec- 
tion of these particular products was based, first of 
all, on their ability to withstand sterilizing doses of 
ionizing radiations without extreme adverse effects, 
as shown by earlier experiments, and second, on their 
popularity as foods. 


* Presented at the Eighteenth Annual Meeting of the Insti- 
tute of Food Technologists, Chicago, May 28, 1958. 

* This paper reports research undertaken in cooperation with 
the Quartermaster Food and Container Institute for the Armed 
Forces, and has been assigned number 922 in the series of 
papers approved for publication. The views or conclusions con- 
tained in the report are those of the authors. They are not to 
be construed as necessarily reflecting the views or endorsement 
of the Department of Defense. 

* Contribution No, 355 from the Department of Food Tech- 


nology. 
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Department of Food Technology, Mas- 
sachusetts Institute of Technology, 
Cambridge, Mass. 


In this paper, only the results obtained with 
chicken and sweet potatoes will be discussed. 


EXPERIMENTAL METHODS 


I. Preparation of Food Products for Storage Studies 

The container used for food samples that were irradiated or 
otherwise treated for storage studies was a quarter-pound sar- 
dine ean, lined with A-enamel in the ease of chicken, and un- 
lined in the case of sweet potatoes. To minimize oxidative 
changes during storage, the cans were sealed under a vacuum 
of about 25 inches of mercury by means of a semi-automatic 
American Can Company can-sealer. 

Chicken. Birds that had been caponized by hormone treat- 
ment were slaughtered, plucked by the semi-seald method, and 
eviseerated. The birds were held at a temperature of 36—40° FP. 
for 18-24 hours before processing so that they might be dis- 
sected into such sections as legs, breasts, ete., after the passage 
of rigor mortis; these seetions were blanched in live steam 
(212° F.) for 6 minutes and cooled under running tap water. 
The formation of a pink color after irradiation had been noted 
in preliminary experiments with chicken meat. Blanching be- 
fore irradiation prevented this to some extent and also facili- 
tated the separation of the meat from the bone during prepara- 
tion for the irradiation treatment. It was also considered that 
blanching might be desirable as a means of inactivating proteo- 
lytic enzymes. The blanched meat was removed from the bone, 
white and dark meats kept separate, and packed under vacuum 
in sardine cans. Some samples were frozen at 0° F. to serve 
as frozen controls, some were heat-processed, and some were 
irradiated in the frozen state with a dose of 3 x 10° rep. 

Since the product had to be irradiated from both sides of 


23 
398 
4 
rte 
ik 
| 


IRRADIATED FOODS HELD AT TEMPERATURES ABOVE FREEZING. I. 399 


the can in order te achieve sufficient penetration, the sample was 
irradiated in the frozen state so that the mass of meat would 
remain intaet when the can was turned over. 

Heat-processed samples were prepared to serve as reference 
controls in the taste tests. Heat penetration data were obtained 
by thermocouple measurement; the processing time with respect 
to an F, value of 5.0 was determined by the graphical method. 

Some of the irradiated samples were held at each of the fol- 
lowing storage temperatures: 50+2°F., 68+2°F., 85+ 
2° F., 99+ 2°F., and 125+2°F. Heat-processed samples 
were stored at 68 + 2° F. These conditions of storage were also 
used for other irradiated or heat-processed food in this in- 
vestigation. 

Sweet potatoes. The tubers were cooked in live steam for 
about 25 minutes and then cooled under water, peeled, and 
puréed. The puréed product was vacuum packed in plain-tin 
sardine eans. Some samples were heat-processed, some were 
frozen at 0° F., and others were irradiated with a dose of 
2.5 x 10° rep. 

Storage conditions for the different samples were the same 
as those indicated for chicken. . 

In preliminary experiments with sweet potatoes, a darkening 
of the product occurred when an enameled container was used. 
However, this condition was obviated through the use of plain- 
tin cans. It is presumed that sufficient tin dissolved to main- 
tain reducing conditions in the product. 


II. Bacteriological Methods 

Standard plate counts for viable aerobic microorganisms 
were made according to standard methods of analysis (4). The 
initial dilution was prepared by disintegrating 22 g. of the 
product with 198 ml. of chilled, sterile, distilled water in a 
sterile Osterizer for 3 to 5 minutes, depending on the nature of 
the product. Appropriate decimal dilutions were made and 
plated in duplicate on tryptone-gluecose extract agar. Plate cul- 
tures were ineubated at 30°C, for 48 to 72 hours before 
colonies were counted. 

The Most Probable Numbers (MPN) of anaerobic or- 
ganisms were determined by inoculating a series of 5 culture 
tubes containing sterile thioglycollate broth medium with 
1.0 ml. portions of an appropriate dilution of product and 
stratifying these cultures with sterile, melted vaseline. This 
procedure was then repeated for two successively greater dilu- 
tions. A two week incubation period at 37° C. was allowed after 
which tubes showing gas production and growth, or growth 
alone, were noted and counts of putrefactive and _ total 
anaerobes were caleulated from Most Probable Numbers tables 
(5), 


IIl. Chemical and Physical Tests 

A. Amino nitrogen content. The free amino nitrogen con 
tent of irradiated and non-irradiated foods was determined by 
the method of Pope and Stevens (8). This test was conducted 
in order to detect proteolytic enzyme activity as indicated by 
the extent of amino acid formation during storage at the vari- 
ous temperatures, 

B. Oxidation of fats. The course of fat oxidation of dark 
meat of chicken during storage at the different temperatures 
was followed by measuring the peroxide number (14) and thio- 
barbiturie acid value (TBA) (77). 

C. Vitamin content. Carotene. Determinations for f-caro- 
tene were made according to a modified method currently in use 
in the Department of Food Technology, M.I.T. (17). Essen- 
tially, the procedure involves digestion with alcoholic potassium 
hydroxide solution, extraction of the vitamin with petroleum 
ether, adsorption on a Celite-MgO column, elution with 5% 
acetone in petroleum ether, and measurement of the carotene 
content by means of an Evelyn Photoelectric Colorimeter with 
reference to a standard curve prepared from pure §-carotene. 

Pyridoxine. Pyridoxine was assayed by a microbiological 
method using the pyridoxineless mutant Number 299 of Neuro- 
spora sitophila,. The weight of mycelium produced when the 
organism was grown in a basal medium containing a certain 
amount of test sample was compared with the weight of 
mycelium produced when the organism was grown in basal 
media containing variable amounts of pyridoxine (2). 


Riboflavin. Riboflavin determinations were carried out by a 
modified method that is used in the Department of Food Tech- 
nology (3). The procedure consists essentially of the extraction 
of the vitamin with 0.1 N sulfuric acid, followed by treatment 
with takadiastase and adsorption on a Florisil column followed 
by elution with 20% pyridine-acetic acid solution, and the 
reading of the fluorescence in a photofluorometer. An internal 
standard was used. 

Thiamin, Thiamin was measured according to the method 
of the Association of Vitamin Chemists (10). Basically, the 
procedure consists of the extraction of the vitamin with 0.1 N 
sulfurie acid, conversion of the vitamin to thiochrome and 
measurement of the fluorescence in a photofluorometer. 

D. Color measurement. Color changes induced in the foods 
as a result of irradiation or heat-processing and also the color 
changes occurring during storage at various temperatures, were 
measured with an American Optical Rapid Seanning Spectro- 
photometer, equipped with a reflectance attachment. The in- 
strument was standardized with a didymium filter and then 
adjusted to 0 and 100% reflectance. The spectral reflectance 
curve of the sample, which appeared on the face of the oscillo- 
scope tube, was photographed with a Fairchild Polaroid camera, 


IV. Organoleptic Evaluation and Statistical Analysis 

Two small panels consisting of six judges were employed for 
the flavor evaluation of the various irradiated and stored 
products. Each judge was given a seore sheet which had a 
range of numerical values from one to ten with descriptive 
terms also included. These were as follows: 


10 Excellent; appetizing; tempting 
Good; pleasing; palatable 
Fair; indifferent; flat; slightly off-flavor 
Poor; unappetizing 
Very poor; objectionable 
Bad; very unpleasant 


The design of the organoleptic test was based on a ran- 
domized ineomplete block (6). The plant included 6 treat- 
ments, 5 replications, 10 blocks or tests and 3 variations per 
test. With inereasing storage time, however, the number of 
treatments was reduced due to the elimination from the tests 
of the irradiated samples held at the high storage temperatures. 

Statistical significance among treatments was determined by 
analysis of variance (9) and Dunean’s Multiple Range Test (7) 
was employed to locate differences within groups. 

Chicken and sweet potatoes were prepared for tasting by 
heating the unopened cans in boiling water for ‘15 minutes. 
These products were served without any seasoning. 


V. Irradiation Techniques 

A Van de Graaff aecelerator (12) rated at 3 M.e.v. was the 
source of high-voltage cathode rays for the irradiation of the 
sweet potatoes and a unit with a 2 M.e.v. potential (High 
Voltage Engineering Corporation, Burlington, Mass.) was used 
for the ehicken irradiation. 

Samples to be irradiated were placed on a motor driven belt, 
the path of which traversed the electron beam. For foods 
packed in sardine cans, irradiation from both sides through the 
shortest dimension of the can was required. Under these con- 
ditions the proper thickness (unit density material) was caleu- 
lated to be about 17 mm. when a 3 M.e.v. beam was applied, 
and 11 mm, when a two M.e.v. beam was used, 

The requested dose was checked by ferrous-ferrie dosim- 
etry (13). A run was considered satisfactory if the requested 
dose and ealeulated dose did not differ by more than 10%, 


RESULTS AND DISCUSSION 


Throughout storage at any of the temperatures for 
either irradiated chicken meat or sweet potatoes, the 
standard plate count and most probable number of 
anaerobes remained at an insignificant level, and 
therefore, commercial sterility was attained in each 
product with the particular irradiation dose applied. 
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Dark meat. Figure 1 shows. the graphs which re- 
sulted when mean flavor scores of the frozen control 
‘and irradiated samples of dark meat of chicken stored 
at various temperatures were plotted against storage 
time. In some instances the mean flavor scores fluetu- 
ated from one month to another for no explicable rea- 
son other than sampling variation or variability due 
to panel participants. Therefore, the curves as drawn 
represent the trend that the mean flavor scores 
appeared to follow with storage time at a given tem- 
perature. 


(RRADIATED 


2 4 6 


MONTHS STORAGE 


Figure 1. Mean flavor score of irradiated (3x 10° rep) and 
non-irradiated dark meat of chicken held at various tempera- 
tures. 


According to the design of the flavor testing, a 
score of 5.5 was regarded as the dividing line between 
acceptability and unacceptability. From Figure 1 it 
can be seen that irradiated dark meat samples held at 
either 50° F. or 68° F. were still acceptable after eight 
months of storage. Samples stored at 85° F. remained 
acceptable for 4 months, whereas samples kept at 
99° F. or 125° F. became unacceptable after one 
month or less, 

There was no significant difference (5% level) be- 
tween the flavor of irradiated and non-irradiated dark 
meat samples immediately following the irradiation 
treatment, but throughout an &-month storage period 
the frozen controls were found to be significantly 
different in flavor compared with irradiated samples 
held at any of the given temperatures. There was no 
significant flavor difference between irradiated dark 
meat samples held at 50° F. and those held at 68° F., 
but when irradiated samples held at either of these 
temperatures were compared with irradiated samples 
held at the higher temperatures (85° F., 99° F., or 
125° F.), significant differences were observed. After 
4 months of storage, irradiated dark meat samples 
held at 85° F. or higher had undergone proteolysis to 
some extent and as a result had aequired a soft tex- 
ture. A bitter flavor was also apparent. This same 
bitter flavor could be detected to a slight degree 
among irradiated samples held at 68° F. after 8 
months. The free amino nitrogen content as a fune- 
tion of storage time of irradiated and non-irradiated 
dark meat chicken held at the various temperatures 
is shown in Figure 2. The free amino nitrogen content 
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Figure 2. Amino nitrogen content of irradiated (3 x 10° rep) 
and non-irradiated dark meat of chicken held at various tem- 
peratures. 


of the frozen controls or heat-processed samples re- 
mained relatively constant over a 10-month period. 
The irradiated samples showed an increase in free 
amino nitrogen and the rate of amino nitrogen forma- 
tion was generally more rapid during the early part 
of storage and also increased with increasing storage 
temperatures. 

Peroxide values (Table 1) of irradiated or un- 
irradiated samples of dark meat generally remained 
at zero or thereabouts during storage. This would 
seem to indicate that fat oxidation was not occurring. 
However, after 6 to 8 months’ storage the taste panel 
could detect a slightly rancid flavor in the frozen con- 
trols and in the irradiated samples held at 50° F. or 
68° F. The thiobarbituric acid values did not appear 
to follow any definite trend, but seemed to indicate 
that there was some variability in the fat of the birds 
used in this study. Of the irradiated samples, those 
held at the lower temperatures seemed to have the 
highest TBA value. 

At the beginning of storage the controls and irradi- 
ated samples were practically indistinguishable in 
color, both being brownish-pink. After 8 months of 
storage the color of the frozen control was still about 
the same, whereas the irradiated samples had taken 
on more of a pinkish hue which was less intense in 
the samples stored at the higher temperatures. The 
reflectance curves are presented in Figure 3. 

White meat. The mean flavor scores, as a function 
of storage time, of irradiated white meat of chicken 
held at different temperatures are shown graphically 
in Figure 4. 

Irradiated samples held at 50° F. or 68° F. were 
still regarded as acceptable following 10 months of 
storage. Irradiated samples stored at 85° F. remained 
acceptable for 4 months, whereas when the storage 
temperature was 99° F. or 125° F. they became un- 
acceptable in less than 2 months. 


Immediately after irradiation there was no signifi- 
cant flavor difference (5% level) between irradiated 
and unirradiated samples. Over a 10-month storage 
period the frozen controls were not significantly dif- 
ferent flavorwise from irradiated samples held at 
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TABLE 1 


Peroxide number and thiobarbituric acid value (TBA) of irradiated (3 x 10° rep), non- 
irradiated and heat processed chicken meat held at different temperatures 


Storage | 
Product time | Chemical test 


Control | 68° F. heat 68°F. 85° F. 99°F, 
(months) 


process Irrad. Irrad. Irrad. 


Chicken 0 Peroxide No." 0 © 
(dark meat) TBA value? 2 2.04 2. 2. 2.4 


Peroxide No. 
TBA value 0.901 


Peroxide No. | 0 0 
TRA value | 2.226 1.589 2 0.467 


Peroxide No. 2 0 : 0 
TBA value 0.69 7 1.02 


Peroxide No. 0 0 
TBA value 0.97 


10 Peroxide No. 0 
TBA value 0.67 


millimoles/kg. fat. 
optical density. 
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Figure 4. Mean flavor score of irradiated (3x 10° rep) and 
non-irradiated white meat of chicken held at various tempera- 
tures. 
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Figure 3. Reflectance curves for irradiated (3 x 10° rep) and 
non-irradiated dark meat of chicken held for eight months at 
various temperatures. 


50° F., but when compared with irradiated samples 
held at 68° F. to 125° F., there was a significant dif- 
ference. After 2 months a bitter and acidic taste was 
detected in irradiated samples held at 99° F. or 
125° F., and texture changes were also evident. This 
was probably due to the action of proteolytic enzymes. 
This same bitter off-flavor became apparent in irradi- 
ated samples held at 85° F. after 6 months’ storage 
and in irradiated samples held at 68° F. after 10 " 

months, but was never detected in irradiated samples MEAT PROCESSEO 68% -—-—- - 
held at 50° F. This bitter flavor could be attributed 

to the breakdown products of proteolysis or to re- IRRADIATED 99°F 

action products resulting from non-enzymatic brown- 
ing since irradiated samples held at the higher tem- 

peratures were observed to have undergone browning — a 
to a certain extent. 
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At the start of storage there was scarcely any color Figure 5, ReGectance curves for irrafiated (3 = 10° sep) and 


difference between the controls and the irradiated non-irradiated white meat ef chicken held fer ten months ot 
samples, both being a pale shade of cream. The re- various temperatures. 
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fleetance curves of the 2 different samples were almost 
identical. After storage for 10 months the frozen con- 
trols had darkened slightly and the irradiated sam- 
ples varied in color from a light, pinkish-tan at 50° F. 
storage to an orange-tan at 99° F. storage. Heat- 
processed samples retained about the same tan color 
throughout storage. Reflectance curves for 10-month 
samples can be seen in Figure 5. 

The free amino nitrogen contents of the variously 
stored irradiated samples are shown in Figure 6. As 
occurred with irradiated dark meat, the irradiated 
white meat samples showed an increase in free amino 
nitrogen and the rate of amino nitrogen formation 
was generally more rapid during the early part of 
storage and increased as the storage temperature in- 
creased. At the higher storage temperatures (85° F. 
to 125° F.), amino nitrogen in irradiated samples 
remained constant or even declined after approxi- 
mately 4 months. Sinee the samples held at these 
higher temperatures were observed to have undergone 
non-enzymatic browning, it is probable that the free 
amino acids were being used up by the browning re- 
action at an equal or faster rate than they were being 
liberated. Nevertheless, these graphs indicate that the 
heat treatment given to the chicken meat before irradi- 
ation was not sufficient to completely inactivate the 
proteolytic enzyme. 
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MONTHS STORAGE 
Figure 6. Amino nitrogen content of irradiated (3 x 10° rep) 
and non-irradiated white meat of chicken held at various tem- 
peratures. 


Sweet potatoes. No significant flavor difference was 
found between irradiated and non-irradiated samples 
immediately following the irradiation treatment. 
Even after 10 months’ storage at 50° F. or 68° F., the 
frozen controls and irradiated samples were not sig- 
nificantly different. The irradiated samples held at 
50° F. and 68° F. were consistently considered to have 
a better flavor than the frozen controls throughout 8 
months of storage. During storage at other tempera- 
tures the irradiated samples remained ‘‘not signifi- 
eantly different’’ from the frozen controls until after 
the following storage periods had elapsed: at 85° F., 
8 months; at 99° F., 4 months; at 125° F., 2 months. 

The approximate storage lives of irradiated sweet 
potatoes at various holding temperatures may be esti- 
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Figure 7. Mean flavor score of irradiated (2.5x10° rep) 
and non-irradiated sweet potatoes held at various temperatures. 


mated from Figure 7. Thus, at 50° F. or 68° F. the 
irradiated samples remained acceptable even after 
being stored for 10 months. At 85° F., the irradiated 
product became unacceptable after 7 months. Irradi- 
ated samples withstood a 99° F. storage temperature 
for about 5 months before becoming unacceptable and 
at 125° F. storage life was approximately one month. 

The factor mostly responsible for the loss of accept- 
ability of irradiated samples during storage was in- 
ternal corrosion of the cans, which imparted a metal. 
lie flavor to the product. However, samples held at 
125° F. darkened considerably and this probably af- 
fected the acceptability to some extent. Sweet potatoes 
were canned in unlacquered sardine cans which had 
been tinned by the electrolytic process. Corrosion of 
the container by irradiated sweet potatoes could 
probably be delayed by using a can from tin plate 
with a higher amount of tin per base box. 
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Figure 8. Thiamin content of irradiated (3x 10° rep) and 
non-irradiated white meat of chicken held at various tempera- 
tures, 
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During storage at the various temperatures, the 
free amino nitrogen content of irradiated samples re- 
mained relatively constant (data not shown) and this 
indicated that no proteolytic degradation was oceur- 
ring and that darkening of samples held at 125° F. 
was probably not due to amino acid-carbonyl con- 
densations. 

At the beginning of storage the irradiated and un- 
irradiated samples were quite similar in color. After 
10 months of storage at various temperatures, there 
was scarcely any difference in the color of irradiated 
samples held from 50° F. to 99° F. These samples all 
possessed a bright orange color which did not appear 
to have changed significantly since the start of 
storage. The frozen controls, however, had darkened 
somewhat during storage and generally showed less 
reflectance in the orange region of the visible spec- 
trum than did the irradiated samples. 

Stability of certain vitamins in irradiated products 
held at various storage temperatures. The thiamin, 
riboflavin, and pyridoxine contents of irradiated and 
non-irradiated white meat of chicken, and the caro- 
tene content of irradiated and non-irradiated sweet 
potatoes are presented graphically in Figures 8 
through 11 as a function of storage time at various 
temperatures. Of the vitamins considered in this 
study, pyridoxine was the most resistant to inactiva- 
tion by cathode rays, the resulting loss being only 
about 5-10% of the initial concentration. Also, in 
general, the heat-process treatment caused about the 
same destruction of these vitamins as did the irradi- 
ation treatment. Heat-processed sweet potatoes re- 
tained about 83% of the original carotene content 
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Figure 9. Riboflavin content of irradiated (3x 10° rep) and 
non-irradiated white meat of chicken held at various tempera- 
tures. 


whereas with irradiated samples there was only a 
45% retention. 

During storage the rate of vitamin destruction 
among irradiated samples was a function of tempera- 
ture. Pyridoxine displayed the least stability during 
storage. 


CONTROL OF @ 

HEAT PROCESSED 
IRRADIATED SOF O 

IRRADIATED 68°F © 

IRRADIATED 8S F 
IRRADIATED @ —— —— 
IRRADIATED 125°F © 


PG/G 


CONTENT 


PYRIDOXINE 


4 6 10 
MONTHS STORAGE 

Figure 10. Pyridoxine content of irradiated (3x 10° rep) 
and non-irradiated white meat of chicken held at various tem- 
peratures, 
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Figure 11. Carotene content of irradiated (2.5x10° rep) 
and non-irradiated sweet potatoes held at various temperatures. 
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There did not appear to be much difference in the 
rates of destruction of the various vitamins in heat- 
processed samples stored at 68° F. compared with 
irradiated samples stored at the same temperature. 
This can be interpreted as indicating that irradiated 
foods are not more susceptible to vitamin loss during 
storage than are conventional heat-processed foods. 


SUMMARY 


Storage studies were carried out with irradiated 
chicken and sweet potatoes held at temperatures rang- 
ing from 50° F. to 125° F. for 8 to 10 months. 

Products stored at 50° F. and at 68° F. were still 
regarded as acceptable after eight to 10 months. De- 
terioration in quality occurred within one month when 
samples were stored at 125° F. 

With irradiated chicken, shelf life was limited by: 
proteolytic enzyme action which resulted in poor 
texture; non-enzymatic browning, which caused un- 
desirable color changes and presumably imparted a 
bitter off-flavor ; and by the development of oxidative 
rancidity, particularly at the lower storage tem- 
peratures, 

Internal corrosion of the metal container oceurred 
during the storage of irradiated sweet potatoes. This 
produced a metallic flavor in the product and was the 
chief cause of loss of quality. 


Vitamin analysis for thiamin, riboflavin and pyri- 
doxine indicated that the amount of these vitamins 
destroyed by a sterilizing dose of cathode rays was 
comparable to the amount destroyed by conventional 
methods of thermal processing. Loss of vitamins in 
irradiated samples or heat-processed samples during 
storage at similar temperatures proceeded at about 
the same rate during storage. 
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Storage Characteristics of Some Irradiated Foods 


Held at Various Temperatures Above Freezing 


ll. Studies with Pork Sausage and Scallops «>< 


(Manuscript received May 31, 1958) 


Ix A PREVIOUS PAPER the storage 
characteristics of irradiated chicken meat and sweet 
potatoes held at temperatures ranging from 50° F. to 
125° F. were described (1). This paper reports the 
observations of similar studies made with two other 
products, notably pork sausage and sea scallops. 

Pork sausage and sea scallops are two food items 
which do not lend themselves particularly well to 
sterilization by conventional heat-processing methods. 
During heat-processing scallops change in color to 
dark brown due to non-enzymatie browning. Heat- 
processing causes denaturation of the hemoglobin pig- 
ment of pork sausage with subsequent darkening, and 
in addition, some of the fat is rendered from the 
product. 

In earlier studies it was demonstrated that pork 
sausage and scallops could be sterilized with high- 
voltage cathode rays and still maintain the appearance 
of the normal fresh product ; however, the behavior of 
these irradiation-sterilized products in storage was 
not known. This investigation was undertaken to de- 
termine the storage characteristics of irradiation- 
sterilized scallops and pork sausage. 


EXPERIMENTAL METHODS 


I. Preparation of Food Products for Storage Studies 

All samples were packaged in quarter-pound sardine cans 
lined with A-enamel and were sealed under a vacuum of about 
25 inches of mereury by means of a semi-automatie American 
(‘an Company sealer. 

Pork sausage. Pork butts were cut up into cubes approxi 
mately one inch on each side and the cubed meat was thoroughly 
mixed with the following seasoning agents per 100 pounds of 
meat: Salt, 28 ounces; black pepper, 6 ounces; sage, 2 ounces. 

The spiced meat was passed twice through a meat grinder, 
first with a *%& in. plate and finally, with a %& in. plate. The 
suusage was rolled out into sheets 1 em. thick and patties were 
stamped out by means of a sardine can body with a crimped lip. 
These were vacuum packed in sardine cans. Some samples were 
frozen at —20° F., some were heat-processed and stored at 
68° F., and others were irradiated with a dose of 3.5 x 10° rep 
and held at storage temperatures of 50+ 2° F., 68 +2° F., 
85 + 2° F., 99 + 2° F., 125 + 2° F. 

“This paper reports research undertaken in cooperation with 
the Quartermaster Food and Container Institute for the Armed 
Forces, and has been assigned Number 919 in the series of 
papers approved for publication, 

» Contribution No, 356 from the Department of Food Tech- 
nology. 

* Presented at the Eighteenth Annual Meeting of the Insti- 
tute of Food Technologists, Chieago, May 28, 1958. 
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Scallops. Fresh sea scallops were sliced across the grain of 
the musele in such a manner that dises 1 em. thick were ob- 
tained. The sliced scallops were blanched in live steam 
(212° F.) for 4 minutes to inactivate proteolytic enzymes, and 
cooled in running tap water for 10 minutes to leach out re- 
dueing sugars or other components which might participate in 
non-enzymatie browning reactions. The blanched scallops were 
vacuum packed in sardine cans with 1° brine and frozen at 
0° F. Some samples were irradiated in the frozen state (to 
prevent the product from moving when the can was inverted for 
purposes of irradiation), with a dose of 3x 10° rep. Other 
samples were not irradiated. 

The unirradiated samples were stored at 0° F. and the 
irradiated samples were stored at temperatures ranging from 
50° F. to 125° F. 

No heat-processed scallop samples were prepared due to the 
poor texture and color which results upon heat-processing this 
product. 


II, Analytical Methods 

Bacterial counts; assay procedures for thiamin, riboflavin 
and pyridoxine; tests for free amino nitrogen content as a 
measure of proteolysis; tests for fat oxidation; color measure 
ment; and organoleptic evaluation have been deseribed in a 
previous paper (7). 
III. Preparation of Samples for Fiavor Testing 

Seallops were rolled in flour and pan fried in a hydrogenated 
fat. Pork sausage patties were broiled in an eleetrie oven, 
These products were served without any seasoning. 
IV. Irradiation Technique 

A two M.e.v. Van de Graaff accelerator was the source of the 
ionizing radiations. The reader is referred to a previous paper 
(1) for an adequate description of the irradiation procedure. 


RESULTS AND DISCUSSION 


An irradiation dose of three million rep in the case 
of scallops, and three and one-half million rep in the 
case of pork sausage rendered these products com- 
mercially sterile, since throughout an 8- to 10-month 
storage period at temperatures ranging from 50° F. to 
125° F. the standard plate counts and most probable 
number of anaerobes remained at an insignificant 
level. 

Pork sausage. Immediately following irradiation 
treatment, a significant flavor difference was noted 
between irradiated and non-irradiated pork sausage 
samples. Nevertheless, the flavor of the irradiated 
product was not objectionable since every judge rated 
the irradiated samples as acceptable. 

The frozen controls remained significantly different 
in flavor compared with the irradiated samples 
throughout an &-month storage period at the different 
temperatures. Irradiated samples held at 50° F. were 
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considered to be acceptable by a large majority of the 
judges, whereas the acceptability of the irradiated 
samples held at 68° F. or at higher temperatures was 
generally low. 

When the graphs of mean flavor score as a function 
of storage time at various temperatures (Figure 1) 
are considered, it may be seen that irradiated sausage 
meat held at 50° F. was still considered acceptable 
after 8 months. Irradiated samples at 68° F. storage 
became unacceptable after approximately 2 months 
and with storage at 85° F. or above; irradiated pork 
sausage was regarded as not acceptable at the end of 
about one month. 

These conclusions were based upon a mean flavor 
score of 5.5 as representing the line of demarcation be- 
tween acceptability and unacceptability. Some of the 
factors which were responsible for the unacceptability 
of this product included an acidic or bitter flavor, loss 
of texture due to proteolytic enzyme action, and a 
rancid flavor. The effects of proteolysis were evident 
in irradiated samples held at 99° F. or 125° F. after 
2 months; and in samples held at 68° F. following 8 
months of storage. The free amino nitrogen contents 
of the samples stored at different temperatures during 
an 8-month period are indicated in Figure 2. The 
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Figure 1. Mean flavor score of irradiated (3.5 x 10° rep) and 
non-irradiated pork sausage held at various temperatures. 
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Figure 2. Amino nitrogen content of irradiated (3.5 x 10° 
rep) and non-irradiated pork sausage held at various temper- 
tures. 
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Figure 3. Reflectance curves for irradiated (3.5 x 10° rep) 
and non-irradiated pork sausage held at various temperatures 
for eight months. 


enzyme reaction rate was usually at a maximum dur- 
ing the first 2 months, and at temperatures of 68° F. 
or greater, a decrease in free amino nitrogen content 
was observed during the latter part of storage. It 
may be possible that the amino acids formed were 
being depleted by the nonenzymatic browning re- 
action. 

Immediately after irradiation there was hardly any 
color difference between irradiated and unirradiated 
sausage patties; both were brownish-pink. Irradiated 
samples held at 50° F. still had good color after 8 
months, whereas samples held at 68° F. had assumed 
an unnatural pink color, and samples kept at 85° F. 
were pinkish-orange. Irradiated samples stored at 
99° F. or 125° F. had turned reddish-brown after 4 
to 6 months. Reflectance curves taken after 8 months’ 
storage are presented in Figure 3. 

A slightly rancid flavor was detected by the taste 
panel in irradiated samples held at the low tempera- 
tures after a 2-month storage period and was evident 
in those samples (held at 50° F. or 68° F.) in all 
subsequent flavor testing. No rancid flavor was de- 
tected among irradiated samples held at temperatures 
above 68° F.; however, it is possible that the rancid 
flavor could have been masked by other off-flavors 
which had developed in samples held at the higher 
temperatures. 

Except for one particular instance (8 months’ stor- 
age at 50° F.) the peroxide test indicated no fat 
oxidation was occurring in pork sausage. However, 
the thiobarbituric acid test (TBA) did seem to indi- 
cate that some change in the fat was occurring since 
the TBA value of samples held at 50° F. or 68° F. was 
usually higher than the TBA value of samples held at 
temperatures above 68° F. (Table 1). 

Another interesting observation was the increase in 
TBA value caused by the irradiation treatment. 
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Among food processors, FMC symbolizes a good 
deal more than “the world’s largest manufac- 
turer of food preparation and processing equip- 
ment.” You might call it good plantkeeping, 
the multiple services that begin with an idea— 
frequently from a processing plant with a prob- 
lem — and result in the development of better 


equipment for better food products. Through 
more than 70 years FMC has been “putting ideas 
to work” toward this end. If you are looking for 
a way to improve your current methods, perhaps 
this background of experience can be helpful. 
Call on FMC...your partner in progress...past, 
present and future. 
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STORAGE CHARACTERISTICS OF SOME IRRADIATED FOODS. II. 


TABLE 1 


Peroxide number and thiobarbituric acid value (TBA) of irradiated (3.5 x 10° rep) 
irradiated and heat-processed pork sausage held at different temperatures 


Storage —20°F. 


Product time 
(months) 


Chemical test control 


Pork sausage 0 Peroxide No.' 


TBA value 


Peroxide No. 
TBA value 


Peroxide No. 
TBA value 


Peroxide No. 
TBA value 


Peroxide No. 
TBA value 


millimoles/kg. fat. 
optical density. 


Scallops. The approximate time at which irradiated 
scallops held at particular storage temperatures be- 
came unacceptable in flavor may be obtained from 
Figure 4. Irradiated scallops held at 50° F. or 68° F. 
were still acceptable after 10 months of storage. 
Irradiated samples held at 125° F. became unaccept- 
able in about one month, samples stored at 99° F. were 
no longer acceptable after approximately 3 months, 
and samples stored at 85° F. lost their acceptability 
after 6 months’ storage. 

Although the irradiated samples were found to be 
significantly different in flavor from the controls at 
the start of storage, they were still regarded by all the 
judges as acceptable. Throughout a storage period 
of 10 months, a significant flavor difference between 
frozen controls and irradiated samples held at various 
temperatures was consistently observed. However, 
the taste panel response to irradiated scallops held at 
the lowest storage temperature (50° F.) indicated a 
high degree of acceptability for this particular sample 
throughout a 10-month period. Statistical analysis 
showed the importance of storage temperature for 
irradiated scallops. For example, the irradiated sam- 
ples at 50° F. were significantly different from irra:li- 
ated samples at 68° F., and the latter were signifi- 
eantly different from irradiated samples held at 
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Figure 4. Effect of storage time on mean flavor scores of 
non-irradiated and irradiated (3x10° rep) scallops held at 
various temperatures. 
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85° F., and so on, with storage temperatures of 99° F. 
and 125° 

Factors which contributed to the unacceptability of 
the irradiated product during storage included a 
darkening in color, a softening in texture, and the 
development of an acidie taste. These deteriorative 
changes were quite obvious in samples stored at 99° F. 
or 125° F. after 2 months, and in samples held at 
85° F. after 6 months. 

Results of free-amino-nitrogen determinations made 
on irradiated and non-irradiated scallops during 10 
months of storage are presented graphically in Figure 
5. In general, it appeared that proteolytic enzyme 
activity was absent during storage; however, a few 
random points seemed to diverge from the general 
path and it was believed that these particular samples 
had not been adequately blanched. It may be possi- 
ble that a slight amount of proteolysis occurred dur- 
ing the first two months, but it seems more probable 
that the amino nitrogen content of the irradiated 
samples at zero storage time was in error and should 
have been slightly higher. It may be noted that in 
products in which proteolysis occurred, there was a 
definite relation between amino nitrogen content and 
storage temperature, with a greater concentration 
resulting at the higher temperatures. In the case of 
scallops, no such definite relationship existed. 
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Figure 5. Amino nitrogen content of irradiated (3 x 10° rep) 
and non-irradiated scallops stored at various temperatures. 
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Irradiated and non-irradiated seallops were indis- 
tinguishable in color at the start of storage tests, but 
with increasing storage time a darkening of the 
irradiated samples occurred, probably as a result of 
non-enzymatic browning. The off-color was a fune- 
tion of the storage temperature and varied from light 
grey or off-white for samples held at 50° F. to an 
orange-tan for samples held at 125° F. Scallops held 
at 125° F. had assumed a deep-tan coloring after 2 
months and a transition to orange-tan occurred by 
the end of 4 months. Samples stored at 99° F. 
reached this color stage after 6 to 8 months. After 8 
months irradiated samples held at 50° F. were still 
grayish-white and samples stored at 68° F. had be- 
come light tan. 
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Figure 6. Reflectance curves for irradiated (3 x 10° rep) and 
non-irradiated scallops held for eight months at various tem- 
peratures. 
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Figure 7. Thiamin content of irradiated (3.5 x 10° rep) and 
non-irradiated pork sausage held at various temperatures, 


Reflectance curves taken after 8 months’ storage 
are shown in Figure 6. 

Stability of certain vitamins in irradiated products 
held at various storage temperatures. The thiamin, 
riboflavin, and pyridoxine contents of irradiated and 
non-irradiated pork sausage and scallops are pre- 
sented in Figures 7 through 12 as a function of 
storage time at various temperatures. 

The irradiation treatment destroyed a significant 
amount of thiamin (85%) and riboflavin (40%) in 
pork sausage, whereas loss of pyridoxine only 
amounted to about 10%. In general, the heat-process 
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Figure 8. Riboflavin content of irradiated (3.5 x 10° rep) 
and non-irradiated pork sausage held at various temperatures. 
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Figure 9. Pyridoxine content of irradiated (3.5 x 10° rep) 
and non-irradiated pork sausage held at various temperatures. 
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STORAGE CHARACTERISTICS OF SOME IRRADIATED FOODS. II. 
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Figure 12. Pyridoxine content of irradiated (3x 10° rep) 
and non-irradiated scallops held at various temperatures. 
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Figure 10. Thiamin content of irradiated (3x 10° rep) and 
non-irradiated scallops held at various temperatures. 


During storage the rate of vitamin destruction 
among irradiated samples was a function of tem- 
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IRRADIATED SUMMARY 
Storage studies were carried out with irradiated 
pork sausage and scallops held for eight to ten months 
© at temperatures ranging from 50° F. to 125° F. 
Even after eight months’ storage at 50° F. irradi- 
a ean ated pork sausage was considered acceptable in flavor. 
z >.> Pas © At storage temperatures of 68° F. or above, irradiated 
z samples became unacceptable within two months. 
0.2). Irradiated seallops were considered to be acceptable 
z ~ “ © after 10 months’ storage at 50° F. or 68° F.; how- 
= e Taig ever, a marked deterioration in quality occurred with- 
>: i nr in one month in samples held at 125° F. 
Non-enzymatic browning, which caused off-flavor 
® a hon ame and color degradation, played the principal role in 
the deterioration of irradiated scallops during stor- 
. age, but texture losses also occurred. 
ot. In the case of irradiated pork sausage, texture 


change and associated off-flavors due to proteolytic 
enzyme action chiefly contributed to loss of quality. 
Color changes and fat oxidation also oceurred, 
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Figure 11. Riboflavin content of irradiated (3x10° rep) 
and non-irradiated scallops held at various temperatures. 
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Heat Inactivation of Peroxidase in HTST 


Processed Whole Kernel Corn: 


(Manuscript received March 1, 1958) 


Syupms HAVE recently been made 
in this laboratory (4) on heat inactivation time 
(HIT) eurves for sweet corn peroxidase. The par- 
tially purified enzyme was heated in capillary tubes 
and whole kernel corn was heated in thermal death 
time cans. The resulting curves showed high z values 
as compared to those for bacterial spores indicating 
that under high temperature-short time processing 
conditions canned corn might be sterilized without 
inactivating peroxidase enzyme. 

In this earlier work (4) it was found that samples 
tended to regenerate peroxidase activity during stor- 
age of heat inactivated samples. This regeneration of 
activity was dependent on storage temperature, being 
more pronounced at 100° F. storage than at 40° or 
75° F., and was completed within two days. 

The HIT curves constructed from data obtained on 
the inactivation of peroxidase in whole kernel corn 
heated in TDT cans were approximate and thus 
only indicative (4). Therefore, it seemed desirable 
to obtain data which would permit construction of 
more accurate HIT curves for peroxidase in whole 
kernel corn. More nearly commercial conditions were 
simulated in this study by heating the samples as 
brine packed whole kernel corn in a pilot model end- 
over-end agitating cooker. A study was also made on 
the rate of regeneration of peroxidase activity in such 
heat inactivated samples. 


EXPERIMENTAL 


Raw material. Whole kernel sweet corn was prepared from 
freshly harvested Golden Cross sweet corn by mechanically cut- 
ting the kernels from the cobs. After washing in a rod reel 
washer, the kernels were frozen and held at —40° F. until 
needed. The corn was defrosted overnight at room temperature. 

Method of heating. The corn was processed as brine packed 
whole kernel corn in Number 1 ‘‘C’’ enamel cans. Seven ounces 
of kernels were weighed into each can. Boiling brine was added 
and the gross headspace adjusted to 4/16th inch by means of 
a topper. The brine solution was prepared on the basis of 7 
pounds NaCl and 14 pounds sucrose per 100 gallons water. The 
enns were closed and processed immediately. 

The cans were heated in a pilot model end-over-end agitating 
cooker having a capacity of 20 Number 1 cans. For the determi- 
nation of the HIT curve for sweet corn peroxidase under these 
conditions, 2 cans were processed at one time. One can was 
analyzed immediately and the other was placed in storage to 
allow regeneration. An additional test can equipped with a 
thermocouple was included to determine heat penetration. The 
remainder of the spaces in the retort were filled with eans con- 
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taining water. At process temperatures of 260° F. and above 
heating times were in inerements of 10 to 15 seconds. At 
process temperatures of 240° F. and 250° F, heating times were 
in inerements of 20 to 30 seconds. In studies on the rate of 
regeneration of enzyme activity, all 20 spaces were filled with 
sample cans. A rotational speed of 80 r.p.m. was used. Timing 
of the process was from steam on to steam off. At the end of 
heating the cans were cooled to about 100° F. under air pres- 
sure with tap water flowing through the retort. 

Process temperatures were 240°, 250°, 260°, 270°, 280°, 290°, 
and 300° F. in the determination of the HIT curve. Samples 
used to study the rate of regeneration of peroxidase activity 
were heated at 260° F. 

Heat penetration studies. The agitating cooker was equipped 
with a slip ring type commutator which facilitated temperature 
measurement inside the can during processing. Temperature 
readings were made at the geometric center of the can using 
Ecklund type thermocouples connected through the commutator 
to a Minneapolis-Honeywell 12-point recording potentiometer. 
The thermocouple was connected to all 12 points of the instru- 
ment so that each point recorded its temperature, thus pro- 
ducing a smooth heat penetration curve. This curve was then 
used to correct heating times for the lag in heating and cooling 
of the contents of the cans. In the determination of the cor- 
rection factor (4), z values of 42° and 86° F. for temperatures 
below and above 270° F., respectively, were used. 

Storage conditions. Samples were analyzed for peroxidase 
activity within 30 minutes or after 72 hours storage at 75° F. 
for the determination of the HIT curves. In the study on the 
rate of regeneration of peroxidase activity, samples were 
analyzed for enzyme activity after 0, 1, 2, 4, 8, 12, 24, 48, 72, 
and 96 hours storage at 75° F. 

Enzyme analysis. Analysis for peroxidase activity in the 
kernels was made by the o-phenylenediamine method of Vetter, 
Steinberg, and Nelson (45). 


RESULTS AND DISCUSSION 


Heat inactivation time curves. Figure 1 shows HIT 
curves for sweet corn peroxidase under the conditions 
of this experiment. Each pair of points (O and X) 
represents a single series of samples, each of which was 
heat processed for a different time at the indicated 
retort temperature. Each sample of the series was 
analyzed for residual enzyme activity. As the heating 
time was increased the activity decreased to the point 
where it could no longer be detected by the analytical 
method employed. Longer heating times resulted in 
negative activity. Only the longest time which left 
some activity (X) and the shortest time resulting in 
negative activity (O) are shown plotted. Thus, the 
actual time that would be required to completely in- 
activate the enzyme is ‘‘bracketed’’ by this pair of 
points. The pairs of points in Curve A are based on 
enzyme analyses made immediately after each sample 
had been processed. Each pair of points in Curve B is 
based on a series of samples which was prepared and 
processed as a duplicate of that used for Curve A at 
the same temperature, but had been stored for 72 
hours at 75° F. in order to allow for any regeneration 
of enzyme activity. 
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If the pairs of points of Curve A are connected by 
the solid line shown, a z value of 59° F., a Feso value 
of 2.3 minutes and a F099 value of 0.49 minutes are 
indicated. This HIT curve may also be considered as 
two intersecting straight lines, shown as broken lines. 
In this case Fos9 = 3.5 minutes, F399 = 0.57 minutes 
and z values are 49° F. and 70° F. at the low and high 
temperatures, respectively. 

The break in Curve B is immediately apparent. 
Two straight lines were fitted to the data as shown. 
The low temperature line is characterized by a F250 
of 7.0 minutes and a z value of 70° F.; the high tem- 
perature line by a F399 of 2.9 minutes and a z value of 
over 300° F. This break at about 270° F. and the 
slopes or z values found here are similar to previously 
published data for sweet corn peroxidase (4) and may 
be of theoretical significance. 

These findings ean be explained by the supposition 
that sweet corn peroxidase is composed of 2 enzymes 
differing in their heat resistance. Theorell (3) sepa- 
rated horseradish peroxidase into two separate en- 
zymes using electrophoresis. Some time later Jermyn 
(2) was able to isolate 4 different enzymes showing 
peroxidase activity when a horseradish peroxidase 
preparation was subjected to chromatographic analy- 
sis. Peroxidases from different sources were shown to 
vary in their heat inactivation properties by Esselen 
and Anderson (1). Thus, at temperatures below 
270° F. the heat inactivation reaction could be con- 
trolled by one enzyme having a low z value but high 
Fo59 value while above this inflection point the second 
enzyme of high z value but low Fes) value would be 
the more heat resistant. 

HIT curves for enzymes are usually presented as 
straight lines as is done in the case of thermal death 
time curves for bacteria. In order for the HIT eurve 
to be a straight line the Qio of the inactivation process 
would have to remain constant over the temperature 
range studied. In the usual chemical reaction, the Qio 
asymptotically approaches one as temperatures are 
increased. If this is true for heat inactivation of 
enzymes, the HIT eurve would level off and approach 
a horizontal line at elevated temperatures. Therefore, 
it may be that data in Figure 1 should be connected 
by continuous curves instead of by straight lines as 
shown. 

Heat inactivation of peroxidase is so rapid at tem- 
peratures above 270° F. that the correction for come- 
up and cooling times becomes appreciable in relation 
to the caleulated effective heating time. Since this 
correction is itself an experimentally determined 
value, its inherent error may be additive to other 
experimental errors and thus cause aberration in the 
high temperature portion of the curve. The total 
aberration for Curve B, or the solid line vs. the broken 
line extension of the low temperature portion of this 
curve is only 1.6 minutes at 300° F. Thus, one might 
be tempted to attribute the break in Curve B to 
experimental error. However, the data for Curve A 
were obtained and corrected in exactly the same man- 
ner as those for Curve B and it shows what may be a 
minor break in the curve. This lends support to the 
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Figure 1. Heat inactivation time curves for peroxidase in 
whole kernel corn heated in the agitating cooker as determined 
immediately after heating (A) and after 72 hours storage at 
75° F. (B). 


conclusion that the break in Curve B is indeed 
significant. 

Regeneration of peroxidase activity. The regain of 
some enzymatic activity by a heated vegetable prepa- 
ration during subsequent storage is known as enzyme 
regeneration. This was noted in previous work with 
peroxidase activity of sweet corn extracts (4). In the 
present work processing temperature and storage time 
were separately studied for their effect on regenera- 
tion of peroxidase in brine packed whole kernel sweet 
corn. 

The data on effect of processing temperature in the 
end-over-end agitating retort are summarized in 
Figure 1. Curves A and B were explained at the be- 
ginning of this section. The relationship between the 
curves is of interest here. The time difference between 
them at any given temperature shows how much 
longer the product had to be heated at that tempera- 
ture in order to prevent some regeneration of the 
enzyme. 

Over the temperature range 240° F. to 270° F. the 
2 curves of Figure 1 are almost parallel. Since heat- 
ing time is plotted on a logarithmic seale here, this 
means the ratio between times A and B at any given 
temperature is constant. Thus, over this temperature 
range, approximately twice (2.0 to 2.3) as long a 
heating time was required to give a permanent peroxi- 
dase inactivation as to produce an initial inactivation. 
The time required to prevent regeneration under 
these conditions, Curve B, decreased from 9.8 minutes 
at 240° F. to 3.7 minutes at 270° F. 

At temperatures above 270° F. the curves diverge 
so that at 300° F. almost 6 times as long was required 
to prevent regeneration, 2.9 minutes, as compared to 
inactivation immediately after heating. This finding 
emphasizes the importance of enzyme regeneration in 


411 | 
| 
CURVE B 
° idl 
~ 
~ 
| 

~ | 

| 
I 
| 

7 

| 


412 FOOD TECHNOLOGY, JULY, 1959 


HTST thermal processing and indicates that per- 
manent enzyme inactivation may be the factor which 
determines the upper temperature limit. 

The relationship between amount of enzyme re- 
generation and time after heating was studied at a 
single temperature. Brine packed whole kernel corn 
was processed in Number 1 cans at 260° F. in the 
end-over-end agitating cooker. Samples were ana- 
lyzed for peroxidase periodically during storage at 
75° F. 

The results of this experiment are shown in Table 1. 
The first lot, processed for approximately 5 minutes, 
showed no detectable peroxidase activity when sam- 
ples were analyzed immediately after heating. The 
second lot, processed for approximately 4 minutes, 
indicated a residual activity of 0.022 0.D.U./g. when 
analyzed immediately after heating. In both lots it 
was impossible to draw any conclusions as to the time 
necessary to complete the regeneration. The results 
obtained for cans stored for more than 7 hours were 
erratic. These variations could be due to differences 
in amount of heating received by individual cans. 


TABLE 1 


Regeneration of peroxidase activity in whole kernel corn 
processed for four or five minutes at 260° F. 

agitating cooker 

Enzyme concentration 


Storage time (0.D.U./g.) 
Processed 5 min. | Processed 4 min. 


(hours) 
00 


016 
015 


.020 
021 


081 
013 


Fill-in weight and headspace affect the rate of heat 
penetration into cans processed in an agitating cooker. 
Any variation in these conditions would cause a slight 
difference in amount of enzyme inactivation. Fill-in 
weight was controlled at 7 ounces and headspace was 
adjusted to 4/16th inch. This gross headspace left 
only a 2/16th inch net headspace after the cans were 
closed. Therefore, any slight error in adjusting the 
headspace would be reflected by differences in the 
rate of heat penetration into the can and in amount of 
enzyme inactivation. These differences could be mini- 
mized by using a small fill-in weight (about 6 ounces) 
and a larger headspace (about 4% inch). 


The enzyme content of samples stored at various 
times through 7 hours (Table 1) were plotted against 
time of storage. Straight lines were indicated and a 
larger amount of regeneration was shown in sam- 
ples containing 0.022 O.D.U./g. residual peroxidase 
activity. The slope of the line for samples exhibiting 
no residual enzyme activity immediately after heating 
was approximately 0.009 O.D.U./hour. The slope of 
the line for samples exhibiting 0.022 O.D.U./g. 
residual enzyme activity was approximately 0.024 
O.D.U./hour. This indicates Yhat the rate of regenera- 
tion of peroxidase activity is much higher when a 
slight amount of activity remains after processing. 

In both lots of samples regeneration was detectable 
after one hour of storage. Therefore, if a study is to 
be made of the effect of heating on the residual 
enzyme content of processed corn, analysis for this 
activity should be made as soon as possible after heat- 
ing. It is recommended that no longer than 30 min- 
utes elapse between processing and analyzing. 

The irreversible heat inactivation of peroxidase is 
probably a two-step reaction illustrated as : 


I \ 


In reaction I an inactive product (B) is formed which 
is capable of reverting back to the original active 
state (A). Further heating would then irreversibly 
convert (B) to product (C) and no regeneration of 
activity would be possible. Thus, if immediately after 
heating, a sample shows some enzyme activity, it may 
be that reaction I is still in progress and a large 
proportion of enzyme exists as (B). The tendency 
then would be for a more rapid and increased amount 
of regeneration. Slightly longer heating could then 
complete reaction I and inactivation to (C), the irre- 
versible form, would predominate. If the heating was 
not sufficiently long to complete reaction II, then the 
enzyme in form (B) would tend to regenerate, but at 
a slower rate. As the time of heating increased, the 
quantity of product (B) which reverted to (A) and 
the rate of this reaction would be expected to decrease 
until they reached zero at the point of complete con- 
version to (C). 

Enzyme molecules are though to exist in a helical 
configuration with catalytically active sites at critical 
points on the external surface. Inactivation of 
enzymes by heat probably is the result of thermal 
denaturation of protein, which is primarily a change 
in geometric configuration. When an enzyme mole- 
cule is heated, the helical shape is altered and the 
spatial arrangement of catalytic sites is disturbed. 
The molecule then loses its ability to form enzyme- 
substrate complexes and, consequently, its catalytic 
activity. It seems reasonable to assume, in the case 
of an enzyme such as peroxidase which exhibits the 
ability to regain activity after temporary heat inacti- 
vation, that relatively mild heating alters the shape 
of the molecule sufficiently to cause it to lose its cata- 
lytie activity but somewhat longer heating is required 
to change the configuration so drastically that return 
to original form is prohibited. 
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SUMMARY 


Whole kernel sweet corn was processed under semi- 
commercial conditions in a pilot model end-over-end 
agitating cooker. Two heat inactivation time curves 
were obtained over the temperature range 240° F. to 
300° F. The curve based on samples analyzed im- 
mediately after heating showed a Feso value of 3.43 
minutes and a Fao value of 0.49 minutes with a z 
value of 59° F. When samples were allowed to re- 
generate enzyme activity during 72 hours storage at 
75° F., the heat inactivation time curve exhibited a 
F509 value of 7.0 minutes and Fso9 value of 2.9 min- 
utes. A distinct inflection point was found at about 
270° F. The z values were 70° and over 300° F. for 
temperatures below and above 270° F., respectively. 

The theoretical significance of the change in slope 
of heat inactivation time curves was discussed. It 
was pointed out that this may be the result of more 
than one enzyme exhibiting peroxidase activity and 
that the ‘‘eurve’’ may actually be curvilinear and not 
a straight line. 

Studies were made on the regeneration of peroxi- 
dase activity in heat inactivated samples. It was 
found that regeneration began immediately after 


heating and that it was more rapid and extensive in 
samples containing a small amount of residuai en- 
zyme immediately after heating than in samples show- 
ing no residual activity at that time. It was recom 
mended that, when studies are to be made on the effect 
of heat on the residual peroxidase activity of sweet 
corn, analysis for this activity be made within 30 
minutes of heating. 


LITERATURE CITED 


. Esseven, W. B., Jr., AnD ANDERSON, E. E. Thermal destrue- 
tion of peroxidase in vegetables at high temperatures. 
Food Research, 21, 322 (1956). 

2. Jermyn, M. A. Horse-radish peroxidase. Nature, 169, 488 
(1952). 

3. THEORELL, H. Arkiv Kemi, Mineral, Geol., 16A, 2, 1 (1942). 
From: Sumner, James B., and Somers, G. Fred. Chemis- 
try and Methods of Enzymes, p. 181. Academic Press, 
New York, 1943. 

. Vetter, J. L., Newson, A. I., anp STemnsperG, M. P. Heat 
inactivation of sweet corn peroxidase in the tempera- 
ture range of 210° to 310° F. Food Technol., 12, 244 
(1958). 


5. Verrer, J. L., Sremnsperc, M. P., anp Newson, A. I. Pro- 


cedure for the quantitative determination of peroxidase 
in sweet corn. J. Ag. Food Chem., 6, 39 (1958). 


ot 
| 
i 
he 


A Rapid Spectrophotometric Method for the 


Detection and Estimation of Adulterants in 


Tomato Ketchup 


(Manuscript received December 9, 1958) 


Tes ATO KETCHUP, according to in- 
ternationally accepted convention, is defined as the 
clean sound product made from properly strained 
lomatoes with spices, salt, sugar and vinegar, with or 
without onion and garlic, and containing not less than 
12% of tomato solids (4). Various other fruit and 
vegetable pulps are often employed, however, as fill- 
ing materials to increase yields and reduce costs. 
Among the adulterants employed, carrot, pumpkin, 
ash gourd, sweet potato, papaya and apple are the 
more important ones in India. Any defect by way of 
reduetion in the colour of the ketchup is often made 
up by adding bright red food colours. This is an un- 
desirable state of affairs and in the best interests of 
the fast-developing tomato products industry in this 
country should be stopped. The detection and _ esti- 
mation of this type of adulteration with cheaper 
materials is no doubt an important problem else- 
where, and a systematic study will therefore be useful. 

The problem of adulteration in tomato products has 
been the subject of several investigations in recent 
years. Morpeth (7/7) reported that potash content, 
combined acids and total acids were of special signifi- 
cance for determining tomato solids in ketchups made 
from puree. Bigelow, Smith and Greenleaf (2) pro- 
posed two methods, one based on non-sugar solids and 
the other based on insoluble solids. Darbishire (6) 
made use of a lLovibond tintometer and a_ light 
petroleum ether extract of tomato puree to determine 
tomato solids. Stock (13) suggested an improved 
technique for correlating the lyeopene content with 
the tomato solids of a sample. Kramer (9) has made 
use of the difference in lycopene contents of drained 
tomatoes and tomato juice for the detection of water 
added to the covering juice. Sanahuja (12) has 
evolved a relationship between lycopene, B-carotene 
and total carotene to detect the use of green tomatoes 
and carrots in tomato extracts. 

In other techniques applicable in the case of 
other fruit products, chromatographic characteristics, 
microscopic features and staining characteristics have 
been utilized (2, 5, 8, 10). 

In the present investigation, it was felt that a de- 
tailed investigation based on lycopene, which is a dis- 
tinguishing and characteristic carotenoid pigment 
naturally present in ripe tomatoes, would lead to re- 
sults that could form the basis for a distinctive 
analytical technique for the determination of tomato 
solids in tomato ketchup and similar products and 
thereby make it possible to estimate the extent of 
adulteration with other fruit and vegetable pulps. 
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The results of this study, with particular reference 
to lycopene as an index for measuring the purity of 
tomato ketchup, are presented in this paper. Detailed 
results regarding other analytical constituents like 
crude fibre, sugars, acids, polyphenols and _histologi- 
cal and staining characteristics will be presented in 
subsequent papers. 


EXPERIMENTAL 
Raw Materials 
Tomatoes. Fruit of good quality were obtained from the 
market. The juice was extracted by the hot-break method 
using a pulper with perforated sieve to separate the juice 
from the skin and seeds. 


Adulterants 

Pumpkin and ash gourd were peeled and the inner fibrous 
portion and seeds disearded. Carrots were seraped. Sweet 
potatoes were peeled and kept in water to avoid browning prior 
to subsequent preparation. Papaya was peeled and seeds dis 
carded. Apples were peeled and cored. The prepared material 
was then cut into small pieces, softened by boiling with a 
small quantity of water and rubbed through a 30-mesh stainless 
steel sieve to get the pulp. Ash gourd and carrots were 
softened by cooking for about 30 minutes at 10 Ib. pressure. 
The weight of the material before and after softening was 
recorded in order to know the weight of pulp to be taken for 
the preparation of adulterated samples of ketchup. For this, 
the different fruits and vegetables were analysed previously 
for the total as well as soluble solids contents. 


Tomato Ketchup 

Ketchup was prepared using the following recipe and boiled 
down to a total soluble content of 28-30%. The finished 
ketehup was packed in 8 oz. crown cap bottles and stored for 
further observations and analysis. 


1. Tomato juice 100 oz. 
2. Sugar oz. 
3. Salt 1 oz. 
4. Onion 1.25 oz. 
5. Garlie 3 

6. Clove 15 g 

7. Cinnamon....... 

8. Black Pepper 05 ¢£ 

9. Cardamom 05 ¢g 

10. Cumin 0.5 g. 

11. Maee g. 

12. Red Chilli 0.6 g. 
13. Acetie Acid 14. mi. 
14. Sodium Benzoate 


For the sake of uniformity, the different experimental lots 
of ketchup, genuine as well as adulterated, were prepared from 
the same batch of tomato juice. The replacement of tomato 
solids in the recipe by that of the adulterant was to the extent 
of 25%, as this was thought to be the level at which different 
adulterants were likely to be employed in the industry. 


& 
« 
4 
: 
414 


METHOD FOR ADULTERANTS IN TOMATO KETCHUP 


Estimation of Lycopene and §-Carotene in 
Raw Material and Ketchups 

A weighed amount of the material, 5-20 g., depending upon 
its carotenoid pigments content, was extracted with 50-80 ml. 
of acetone in 4—5 lots, and from the acetone extract the earote- 
noids were extracted with petroleum ether (BP. 60-80° C.). 
The petroleum ether extract was made up to volume and kept 
in an amber-colored bottle for the subsequent estimations. 


f-Carotene 

From an aliquot of the petroleum ether stock solution 
carotene was separated on a magnesia-super cel (1:3) eolumn 
and eluted with 3% acetone in petroleum ether, according to 
the procedure given in Methods of Vitamin Assay (1). The 
absorbance of the eluent was measured on a DU Model Beck 
man Spectrophotometer at 452 my and also at 473 mp and 
503 me. The molecular extinetion coefficent (E™'"°™") of 
13.9 x 10° for all-trans B-carotene at 452 my, given by Zech 
meister and Polgar (/4), was used to calculate the B-carotene 
content of the extract. 


Lycopene 

The stock solution of petroleum ether extract was suitably 
diluted and its absorbance measured at 473 mu and 503 mu. 
Aceording to Zechmeister ef al. (15) the molecular extinction 
coefficient for all-trans lyeopene at 473 my is 18.6 x 10° and 
at 503 mu, 17.2 x 10‘, and these values were adopted for ealeu 
lation of lycopene content in two ways. 

Uethod JT. Sinee B-earotene has a considerable absorbance 
at 473 my, which is the optimum peak for lycopene, correction 
has to be made for this. From the absorbance reading at 
472 mye for the total carotenoid pigments, the absorbance due 
to B-carotene at 473 my, which was taken on the chromato 
graphically separated §8-carotene, was dedueted and the lyeco 
pene content deduced. This is the accurate method. 

Method II. At 503 my, B8-carotene has a comparatively 
negligible absorbance, while lyeopene has a large absorbance. 
It is, therefore, not quite essential to apply correction for the 
the presence of B-carotene in the extraet for total carotenoids, 
especially when the proportion of 8-earotene to lycopene is 
small, as in the ease of tomato products. From the direet 
measurement at 503 mu, using the total carotenoids extract 
itself, the lycopene content could be ealeulated. This is the 
more rapid method suitable for routine control work as it 
avoids the chromatographic separation of the B-carotene. 


Measuring Lycopene and f-Carotene in 
Mixtures of Pure Components 

To study the validity of the presumption made in the appli 
cation of the accurate and rapid methods deseribed above, pure 
lycopene was prepared from tomato paste according to the 
method of Davis (7) and pure §8-carotene from carrots accord 
ing to the Methods of Vitamin Assay (1). These two were 
mixed in a wide range of proportions (1:1.7 to 1:140) after 
standardising speetrophotometrically and lycopene values ob 
tained by the two methods compared with the theoretical 
values. The errors involved were quite small (2-5% only). 


RESULTS AND DISCUSSION 


Composition of raw materials. Data regarding the 
total solids, soluble solids as measured on a refrac- 
tometer at 20° C. using the press juice of the ma- 
terial, 8-carotene and lycopene contents of tomatoes 
and the different adulterants studied are given in 


Table 1. It will be noticed that the lycopene content 
of all the other materials except tomatoes is quite 
small. In the case of carrots, the B-carotent content 
is very high (78.9 pg./g.). Green tomatoes, which are 
quite mature, but have not yet developed any red 
colour, contain very little B-carotene as well as lyco- 
pene (1.5 and 1.7 pg./g. respectively). Partially- 
ripe, yellowish-red tomatoes contain appreciably 


TABLE 1 


f-carotene and lycopene content of tomatoes and adulterants 
(Results on fresh weight basis) 


Soluble | Total 


Materia solids solids 


B-carotene | Lycopene 


Tomato juice (ripe) 
Carrot 

Ash gourd. 
Pumpkin 

Sweet potato 
Papaya ase 

Apple pulp..... 


Juice from green 
tomatoes. 

Juice from partially ripe 
yellowish-red tomatoes 


more lycopene (24 pg./g.), but the fully-ripe red 
tomatoes contain the maximum amount of lycopene 
(37.1 pe./g.). 

Estimation of lycopene in mixtures of lycopene and 
(-carotene, The absorbance of the different mixtures 
of lycopene and B-carotene in solution was measured 
at 473 mp and 503 mp and the concentration of Lyco 
pene calculated at the respective wave-lengths with 
and without correction for interference by the pres 
ence of B-carotene. The difference between the actual 
and estimated values has been expressed as a percent 
age of the actual value to know the extent of variation 
in the wide range studied. The data are shown in 
Table 2. It will be seen that in the case of the un- 
corrected values for lycopene at 473 my the differ- 
ence between the actual and estimated values in- 
creases with the increase in the proportion of B-caro- 
tene. When due correction is, however, made for the 
interference of f-carotene, the differences become 
quite small. At 503 my also, the differences are quite 
small. Further, the estimated values agree closely 
with the actual values over a very wide range 
of lycopene to carotene ratio. In the range of 1:2.8 
to 1:10.4, which is of interest in the case of tomato 
products, the error likely to be introduced as a result 
of measuring lycopene directly at 503 mp in mixed 
solution is of the order of 3-5% only. The errors are, 


however, slightly less (2.5-3.5% ) when the absorb- 
ance is measured at 473 my and corrections made. In 
spite of this, measurement of absorbance of the total 
carotenoid extract at 503 my is to be preferred on 
account of its simplicity and rapidity for routine 
quality control work. 

Effect of adulteration on the lycopene and {-caro- 
tene content of tomato ketchup. The lycopene and 
8-carotene content of genuine and adulterated sam- 
ples of tomato ketchup prepared from the May crop 
are shown in Table 3. It will be seen that in the case 
of ketchup containing added carrot, the carotene 
content is high (28.4 pg./g.). As a result of addition 
of the different adulterants the lycopene content has 
been reduced in all cases from 69.3 yg./g. to 46.0 
‘0.7 pg./g. of the ketchup. The high carotene value 
reveals the presence of a carotene-rich material in the 
ketchup, and in this case it is carrot pulp. 

Determination of tomato solids in different tomato 
ketchups based on lycopene content. Since the lyco- 
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TABLE 2 


Estimation of lycopene in mixtures 


At 473 ma 
Carotene 


lycopene 
ratio! 


Not corrected | 


Lycopene 
en 


| Lyeopene 


Lycopene | Difference | fend 


found 
Lycopene | 
5.76 5.76 | 
5.05 | 
4.63 
4.21 
2.99 y 
2.42 
1.86 
| 1.30 } 
J 0.77 


Corrected 


of 


Difference | 


Corrected 
Difference Difference 


ev 
SA 


Lycopene solution (5.76 we./ml.) and B-carotene solution (0.37 were mixed in 


TABLE 3 


Effect of adulteration on the lycopene and §-carotene 
content of tomato ketchup’ 


Lycopene 
Refrac- con 
| tometer Tomato (at 473 
solids solids ma) 
| %o 
of 


Product 


sample 


‘Tomato ketchup- 


5.8 37.1 


13.69 69.3 
Tomato ketchup 
with carrot 
Tomato ketchup | 
with ash gourd... 
Tomato ketchup 
with pumpkin....| 31.5 
Tomato ketchup j 
with papaya...... 81.0 | 
Tomato ketchup 
with apple 


10.06 47.5 


9.91 46.0 


50.7 


10.43 


10.09 48.1 


| g1.2 | 10.26 


pene content of the ketchup depends upon the amount 
of ripe tomato solids present in it, the lycopene value 
of the product could be utilized to arrive at the to- 
mato solids content in it. To verify this, the tomato 
solids content of a series of experimental ketchups 
was calculated from their lycopene values (Table 4). 
It will be seen that the values for the tomato solids 
taken and found agree very closely, indicating there- 
by the validity of the above assumption. 

Variation in the lycopene content of tomato juice 
and ketchups. Data regarding the lycopene content 
in ketchups prepared from tomatoes of different 
stages of maturity and also from two seasonal crops, 
namely, February and May crops, are shown in Table 


TABLE 4 
Tomato solids in tomato ketchup based on lycopene content’ 


Tomato 
solids 
deduced 


| Aetual 
tomato 
solids 


| Lycopene 


Product content 


g./100 g. 
'Tomato ketchup, genuine 15.00 
Tomato ketchup with carrot 
Tomato ketchup with ash gourd 
\Tomato ketchup with pumpkin 
\Tomato ketchup with sweet potato 11.44 5051 
|\Tomato ketchup with papaya 


10.69 5189 
/Tomato ketchup with apple pulp 11.06 5116 


1 One gram tomato solids = 7023/15 = 468 ag. of lycopene. % 


11.25 
10.31 | 
11.06 


5072 
4790 
5130 


different proportions keeping the total volume at 10 ml. 


TABLE 5 
the lycopene content of tomato juice and ketchup 


Lycopene 
per gram 
of tomato 

solids 


Variation in 


Product 


| 

| Tomato 
solids 
| 


| | 
Juice from mature, but green 
tomatoes 
| Juice from partially-ripe, 
| yellowish-red tomatoes. 
| Juice from fully-ripe, red 
| tomatoes (May crop) 
| Tomato ketchup made from 
item No. 3 juice 
Juice from fully-ripe, red 
| tomatoes (February crop) 
| Ketchups prepared from 
item No. 5 juice: 
i. Tomato ketchup, 


5.7 


5.8 


iii. Tomato ketchup with 
ash gourd 
iv. Tomato ketchup with 


y. Tomato ketchup with 
sweet pot 
vi. Tomato ketchup with 


Tomato ketchup with 
apple pulp 


5. It will be seen that the lycopene content of ketch- 
ups prepared from tomatoes containing appreciable 
amounts of green tomatoes will be low. The difference 
between the February and May crops is small (about 
7%). 

Loss of lycopene and f-carotene during the prepa- 
ration of ketchup. Data regarding losses in lycopene 
and 8-carotene in the preparation of the ketchups are 
given in Table 6. The comparatively high loss of the 


TABLE 6 
Loss of lycopene during the preparation of ketchup’ 


| Lycopene Lycopene 


Product 


Ketchup, genuine 

Ketchup with carrot 
Ketchup with ash gourd.. 
Ketchup with pumpkin.... 
|Ketchup with sweet potato. 
|Ketchup with papaya 


51.9 
A Ketchup with apple pulp......... 51.2 


1 Lycopene content of tomato juice 38 ug./g. and B-carotene content 
6 


owe 


if 
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pure lycopene and -carotene 
4 | At 503 ma 
| % % | % 
| 
| No. 
| 
No. ‘ ug. 
SAT 29 
1 421 
3 
640 
4 
3 506 
5 
4 596 
4 6 
f 
4 5 
at ii. Tomato ketchup with | } ‘ 
7 carrot... 11.25 451 
| 
Tomatoes from May crop used. 11.06 464 
11.44 421 
v 
485 
wl 
— 463 
| 
sl. | No. | 
| gg./g. | gg-/g. % 
g.| g./100 g. 87.7 70.2 19.9 
1 65.8 50.7 22.8 
a 2 10.83 a 55.9 47.9 20.0 
. 3 10.24 a 64.7 51.3 20.7 
rx 4 10.96 66.9 50.5 24.5 
5 10.79 18.5 
: 6 11.09 20.8 
t 7 10.93 
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pigments may be partly due to their destruction dur- 
ing the boiling of the materials and partly due to the 
fact that the value for E™-/1*™- used for the caleula- 
tion of lycopene content is the one for the all-trans 
form and not for the thermally-isomerised form. Zech- 
meister and Polgar (14) and Zechmeister et al. (15) 
have shown that for the thermally-isomerised pig- 
ments, there is a decrease of 13.4% and 5.8% in the 
molecular extinction coefficient for lycopene and 
8-carotene respectively. As a consequence of this, the 
values deduced for the lycopene and £-carotene con- 
tents of the ketchups are apparently somewhat less 
than the actual values that would have been got by 
making use of the reduced values for the molecular 
extinction coefficient. 

Effect of storage on the carotenoid contents of to- 
mato ketchup. Data regarding the changes in f-caro- 
tene and lycopene contents of a set of ketchup sam- 
ples stored at 37° C. for a period of 2 months are 
shown in Table 7. During this comparatively short 
period of storage at an elevated temperature, there is 
very little loss in the two constituents. There is 
actually a small increase in the values, especially in 
the case of lycopene. A similar increase has been re- 
ported by Davis (7) in the case of lycopene content 
of tomato paste after storage. This increase may be 
due partly to the better extraction of the pigments 
from the stored material and partly to the slightly 
decreased interference of 8-carotene as a result of 
isomerisation. Further work is necessary to confirm 
these findings over a longer period of storage. 

Lycopene inuex for tomato ketchup. Taking into 
consideration the effect of the various factors studied 
so far on the lycopene content of tomato ketchup, for 
all practical purposes, a value of 475 yg. of lycopene 
per gram of tomato solids may be proposed tentatively 
as the ‘lycopene index’, on the presumption that nor- 
mally ripe red tomatoes are used in the preparation 
of the ketchup. Any ketchup sample showing a value 
much less than 15% for tomato solids may be con- 
sidered as having been adulterated with other fruit 
or vegetable pulp or as having been prepared from 
tomatoes that were not fully ripe and contained vary- 
ing amounts of green tomatoes. The latter is not a 
serious problem since the use of green tomatoes is 
generally avoided by the manufacturer as the green 
colour makes the product brown and requires the 
addition of extra red colour to mask it, both of which 
are undesirable. 

The tomato solids contents of some commercial 
samples of tomato ketchups as caleulated from their 


lycopene content were 15.2-21.1%. They appeared to 
be normal ketchups. More samples from different 
parts of the country have to be analysed to test the 
applicability of the lycopene index for detection of 
adulteration. Work is in progress in this direction. 
In spite of its limitations, the use of the lycopene 
value as an index of the ‘purity’ of tomato ketchup, 
is a highly useful method for the detection and esti- 
mation of adulteration as it is based on a highly 
characteristic constituent of tomatoes. 


SUMMARY 


A rapid method has been evolved for the estimation 
of lycopene in tomato products based on the measure- 
ment of absorption at 503 my using the petroleum 
ether extract of the total carotenoids. The replace- 
ment of tomato solids in tomato ketchup by such 
adulterants as carrot, ash gourd, pumpkin, sweet po- 
tato, papaya and apple pulps lowers the lycopene 
content of the product. On this basis the tomato 
solids content of the product has been determined by 
estimating its lyeopene content. 

Adulterants like carrot pulp increase considerably 
the 8-carotene content of the ketchup. There is very 
little loss in the lycopene content of tomato ketchups, 
genuine as well as adulterated, during a storage 
period of 2 months at 37° C. A lycopene index of 475 

g./g. of tomato solids has been tentatively proposed 
for the estimation of the extent of adulteration in 
tomato ketchup, when other fruit and vegetable pulps 
are employed as adulterants. 
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| Tomato ketchup with sweet potato. 
| Tomato ketchup with pumpkin 


solids solids 


B-carotene Lycopene 


Total Tomato 


Initial | Final Initial 

%o %o 

31.3 2. 70.23 
50.72 

50.51 
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The pH Problem in Canned Tomatoes 


Te wewencr of high pH values 
in canned tomatoes in 1957 and 1958 has been of great 
concern to the canning industry. To quote Dr. 
Charles Townsend of the National Canners Associ- 
ation: ‘‘In the past 3 years we have found a progres- 
sive increase in the amount of spoilage. In th» 
laboratory we have found it very difficult to get 
germination of spores of the butyrie anaerobes below 
about pH 4.5. llowever, some germination below this 
point must be possible, based on the spoilage results 
which we have encountered in the field. The ther- 
mophilic anaerobes will germinate down to about pli 
4.5 to (1). 

This value of pI 4.5 is the classical division between 
acid and non-acid products. Recent studies in com- 
mercial canneries have shown plIl values as high as 
5.0 with reports from Colorado of readings as high as 
5.6. If the rise in pH continues, there could be an 
increased incidence of spoilage and even the oecur- 
rence of a public health problem (1). 

Higher temperatures and longer processing times 
could be used to assure the destruction of spores in 
tomatoes. When tomatoes of pII 3.9 are processed at 
212° F., only 34 minutes are required to kill a normal 
or high spore load, whereas at pl 4.8, the cook must 
be 110 minutes (7). However, prolonged exposure to 

"Paper presented at the annual meeting of the Northern 
California Seetion of IFT, December 4, 1958. 

"Supported in part by a grant-in-aid from the Sugar Re- 
senreh Foundation, New York. 


elevated temperatures would decrease quality factors 
of color, flavor, texture, wholeness and ascorbic acid 
content. 

Another alternative, which is discussed the 
present paper, is to acidify canned tomatoes to a de 
sirable pH range. This is only one aspect of the prob 
lem and while other considerations are under investi 
gation, the indication of this year’s experimental work 
in the use of added acid to lower the pH and added 
sugar to balance the flavor merit reporting. 


PROCEDURES 


Midseason tomatoes of the Pearson variety were used. All 
fruit was seleeted from field run, well-colored, sound tomatoes. 
These selected tomatoes were lye peeled, washed and cored. 
Twenty oz. of tomatoes and 9 oz. of juice were packed into 
401x411 eans. Juice was prepared from the same tomato sam 
ple. Additions of sodium chloride, eitrie acid and sucrose 
were made to the juice as indicated in Table 1. After vacuum 
closing, the canned tomatoes were cooked in an Anderson- 
Barngrover rotary cooker for 32 min. at 212° F. and eooled. A 
period of 6 weeks was allowed to permit the fruit and the 
solids added in juice to reach equilibrium. 

Flavor quality evaluations were obtained from 10 highly 
trained, laboratory panel members who ranked and seored the 
sumples. A balanced, incomplete block design, with 3 samples 
per taste session, was used. The tomatoes were ranked Ist, 2nd, 
and 3rd in acceptability as well as being seored on an 8-point 
seale with ‘*1’’ denoting poor quality and ‘‘8’’ indicating 
excellent flavor quality. A total of 60 evaluations per sample 
was obtained. Aliquots from samples used for flavor evaluation 
were used for chemical analysis. The flavor data were sub- 
jected to analysis of variance for determination of effect of 
treatment on average scores and average ranks. 
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TABLE 1 
Quality evaluation of canned tomatoes 


Additions Chemical analysis! Taste panel* 
Code | Soluble Total Brix-Acid 


‘itric-aci | Se 
Citric-acid Sucrose solids 2 acidity ® ratio core Rank 


~ 


se 


' Average of 6 determinations 
Soluble solids of pulped tomatoes and juice by refractometry. 
‘Calculated as % citric anhydride. 
‘ Average of 60 separate evaluations per sample 
» Effect of treatment on average scores and ranks significant at the 0.1% level of probability 


RESULTS AND DISCUSSION by the fact that the best liked samples were J, H and 
G. Among the least acceptable were samples B, D, E 
and F, the remaining samples receiving intermediate 
acceptance. Additions of acid and sugar resulted in 
canned tomatoes which were liked as well as and fre- 
quently better than the control (Sample A). It is 

Table 2 illustrates the range of pH and total acidity evident from these data, that careful consideration 
on an individual can basis. The analysis of individual must be given to the proper balance between saltiness, 


Data obtained on the quality evaluation of acidified 
and sweetened canned tomatoes are shown in Table 1. 
Average pH values ranged from 4.47 to 4.00 as a re- 
sult of acidification. 


cans appears to be highly variable. It is essential to sourness and sweetness in this product in order to 
consider the high values in the range rather than the achieve reduced sterilization time and a_ palatable 
average pH. Acid additions should be sufficient to flavor blend. 


CONCLUSION 


TABLE 2 Acidification of canned tomatoes with citrie acid 
Range of pH values and total acidity content has been suggested as a means of increasing acidity to 
Total acidity a safer and more desirable level. Because additions of 
range acid (0.1, 0.2 and 0.3% ) increased the sourness of the 
esa product, additions of sucrose were needed for com- 
459-0.497 pensation. The data point out the variability of total 
a acids, and pH of individual samples. 
364-038 A considerable amount of additional research on 


144 
423 the pH problem is sorely needed. Specifically, further 


No. cans 


range 
sampled 


Tomato code 


aa 505 information is needed on microbiological changes, 

447 j sterilization requirements, processing procedures, 
547 
515- 


594-063! finally, consumer acceptance. 


drained weight considerations, storage stability and 
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lower the pH range to a level which will permit mini- Rose Marte PANGBORN 
mum sterilization time in boiling water. Sample M, AND B.S. Lun 
with a pH range of 3.90-4.08 and a total acidity from Department of Food Technology 
0.5940.635, could be considered well within the levels University of California 
of safety and had a high flavor acceptability as well. Davis, California 
It is important to note that this sample was acidified 
to doube the total acidity of the control sample (A). LITERATURE CITED 

Taste panel results indicated that small additions of 
sucrose were necessary to off-set the sourness con- Significance of pH.’’ Paper presented at the tomato 
tributed by this increased acidity. This is evidenced seminar, Berkeley, Calif., December 10, 1958. 
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The Antifungal Antibiotic A-5283, A-5288, 
Myprozine, Pimaricin 


W: NOTE IN READING an article on 
the effect of several antifungal antibiotics on the 
growth of fungi causing food spoilage that Klis et al. 
(4) refer to a paper in which we reported that A-5288 
(Myprozine) and Rimocidin effectively inhibited the 
development of yeast flora. They state that ‘‘Tarr 
et al. (7) found rimocidin useful in preventing yeast 
growth on fish treated with chlortetracycline and 
Ayres et al. (3) reported that rimocidin was effective 
in inhibiting the development of yeast indigenous to 
dressed poultry,’’ but that ‘‘there was no published 
information available concerning the properties or 
activity of myprozine.’’ 

We are certain that this oversight would not have 
occurred had a single code number been used for 
Myprozine. At the time that we were working with 
the compound and when the only means of identifying 
the material was by code number, our original manu- 
seript indicated the antifungal preparation to be 
**A-5283 (Lederle).’’ However, we were advised by 
the manufacturer that its number should be changed 
to ‘‘A-5288"’ and so we revised the last numeral. 
Sometime after our paper had been published, we 
were informed that A-5283, and not A-5288, was the 
correct code number. 

In a later paper, and after A-5283 (or A-5288) had 
been given the name Myprozine, Ayres and Denisen 
(2) referred to its use as an antifungal agent for 
maintaining freshness of berries. 

In 1958 the Dutch workers, Struyk et al. (6) de- 
seribed the isolation and properties of a new crystal- 
line tetraere antifungal antibiotic which they named 
Pimaricin. Patrick et al. (5) reported that a compari- 
son of the infrared and ultraviolet spectra, paper 
chromatographic mobilities, N-acetyl derivatives, and 
X-ray powder diffraction patterns of Pimaricin and 


Myprozine indicated the two compounds to be iden- 
tical. Recently the Royal Dutch Fermentation Indus- 
tries at Delft (1) has undertaken mass production of 
Pimaricin. 

We hope that the above information will clarify the 
matter of aliases for Pimaricin. Regardless of whether 
it is called A-5283, A-5288, Myprozine or Pimaricin, 
this antifungal antibiotic seems to be effective in in- 
hibiting growth of various yeasts and molds on poul- 
try and fruit. 

Joun C. Ayres 

Food Processing Laboratory 
Iowa State University 
Ames, Iowa 
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(Continued from page 24 preceeding technical section ) 


REGIONAL NEWS 
CHICAGO 


Fall Outing and Tour 

The ‘‘future meeting date’’ that the Chicago See- 
tion is looking forward to is the September 26, 1959, 
meeting in Madison, Wisconsin. This event, the tradi- 
tional opening of the fall schedule of meetings, com- 
bines a tour of the University of Wisconsin Dairy and 
Food Industry Department and other technological 
features of the institution with a football game; 
namely, the Wisconsin-Stanford game. Food tech- 
nologists new in the Chicago area as well as those long 
established in the area but not yet ‘‘joined up’’ 
should get in touch with L. B. Buettner, membership 
chairman for the Chieago Section, International 
Minerals and Chemicals, Skokie, Illinois. 


House Organ Publications 

It will be appreciated if members whose companies 
have house organs that would be receptive to Chicago 
Section news items would send a copy of the publica- 
tion to Mr. Norbert J. Leinin, Food Processing, 111 E. 
Delaware Place, Chicago 11. 


MOHAWK VALLEY 


The Mohawk Valley Section IFT met late in April 
at the Manor, St. Johnsville, N. Y. Vice-Chairman, 
John Stewart of the New York State University at 
Morrisville, introduced Mr. G. T. Peterson, Research 
and Development Division 
of Continental Can Co., 
who spoke on the subject 
of Foods, Packaging and 
the Future. Mr. Peterson 
pointed out that every 71% 
seconds a baby is born; 


that the excess of births R F Welte today for your copy of the 
over deaths amounts to a latest, revised edition of this authoritative handbook, 
full seale city of better which helps you to produce better pickles, salad dress- 
than 50,000 population ings, condiments, sauces and related food products with 


every week of the year; quater commemy. 


and that based on pro- 


jected estimates, the United MAGNUS, MABEE & REYNARD, INC. 


S 2 Since 1895 . The World’s Most Famous Supplier of 
State ” alone will have 44 Essential Oils, Concentrated Flavors, and Basic Perfume Oils 
million more people to 16 DESBROSSES STREET, NEW YORK 13, N. Y. 
Mr. G. T. Peterson feed by 1975. 
He then spoke of the 
packaging industry and its role in bringing better Magnus, Mabee & Reynard, Inc. 
foods he e : > lowe . 1 ine ed 16 Desbrosses Street 
oods to the consumer at lower cost, and increasec New York 13, N. Y. 
variety and availability. He reviewed the basic char- 
SS. a. . . Please send me a free copy of the revised edition of “Pickle 
acteristics of the different kinds of packaging ma- Flavor Facts by MMAR.” ; 


terials, the function of packaging and its importance 
in today’s economy and stressed the reason proper Comper -nerecsvvereeccorrreeorerrenneccnoennnenrsennnoverennnecennuneseeseneansseeeneeseee 
and tailor-made packaging is so necessary for the 
successful marketing of any food product. 

He pointed out that the science of chemistry is our 
greatest ally in these developments. 

Mr. Peterson concluded by saying ‘‘It is not boast- 
ing to claim that packaged foods generally have shown 
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the least effects of inflation and gradually increasing 
costs as compared to most things that surround us 
today. This may be hard to realize since food com- 
prises such a large portion of our budget. However, 
the food scientist and engineer can justifiably be 
proud of their contributions to the health and wel- 
fare of the world, for without proper food in abun- 
dance and availability, none of us would survive.’’ 

A lively question and answer period followed Mr. 
Peterson’s talk with Hans Wagner and A. Spaulding, 
also of Continental Can joining in. 

Dorothy Van Schaick 


MARYLAND 


M.1.F.T.S. held their monthly meeting on May 8, 
1959, at Hanover, Pennsylvania, with Hanover Can- 
ning Company acting as host. 

Starting at 5 o'clock P.M. plant tours were con- 
ducted. Visitors witnessed the operation of a high 
speed Pork N’ Bean line which featured dry blanch 
method of canning plus the automatic can handling 
and the use of empty can depalitizing systems. 

Activities were then directed to the Altland House 
where Hanover Canning was the sponsor of a cock- 
tail hour after which Mr. Luther K. Bowman, Gen- 
eral Manager of the Bowman Agency, presented a 
most interesting discussion on ‘‘The Role of A Man- 
agement Consultant in the Food Industry.’’ Mr. 
Bowman explained that the industry has but three 


PROCTOR 
Continuous Freezers 
and Hardeners 


Double Contact Plate & Tray-all Air Blast 
For Continuous Automatic Production 


Ideal for vegetables, fish, meat, ice 
cream and baked goods. Features 
the new Universal Carrier for pack- 
ages of any size or shape. 


Write for details. Learn how these automatic 
freezers will fit into your existing 
production facilities. 


PROCTOR & SCHWARTZ, INC. 
Philadelphia 20, Pa. 


really important considerations: (1) People with the 
know-how and willingness to work, (2) The products 
or services of their minds and hands in quality and 
quantity, and (3) Customers. If management is with- 
out a full concept of any one or more of these con- 
siderations, a management consultant is needed on a 
part or full time basis. 

The services to management were outlined, along 
with how to select the consultant and working agree- 
ments as a part of the company management team. 

Fifty-six members and guests were present. 

—Warren E. Anderson 


WASHINGTON 


The Washington Section held its regular monthly 
meeting in the N.C.A. building on May 8, 1959. Nu- 
trition was the subject of the evening. Talks were 
given by Dr. O. L. Kline, Director of the Division of 
Nutrition, Food and Drug Administration, and Miss 
Jean MeNaughton, Regional Nutrition Officer, Food 
and Agriculture Organization. 

Dr. Kline, after giving a brief outline of the or- 
ganization of the FDA, discussed the specific responsi- 
bilities of its Division of Nutrition. Prevention of 
adulteration and mislabelling were cited as being of 
prime importance. Vitamins, and food to which vita- 
mins have been added, command major attention. 
The Division makes large numbers of routine analyses 
of composition of these products and conducts re- 
search on development of new analytical procedures. 
Prevention of fraudulent, misleading and unsub- 
stantiated labelling claims also calls for a great deal 
of routine work. Research is also conducted to clarify 
subjects of current, scientific controversy, as for exam- 
ple the health effects of saturated versus nonsaturated 
fats. 

Miss MeNaughton described FAO activities which 
relate to Food Technology. Their program seeks to 
advance progress in the home and commercial food 
industries of FAO member countries, includes demon- 
stration and extension activities, applied research 
projects, organization of international symposia, pub- 
lication of international reviews and summaries and 
student training. (Their prominent international 
publications include World Fisheries Abstract, Food 
Additives Legislation, Food Additives Control and 
Symposium on Preservation by Ionizing Radiations). 

After the speakers had finished, the membership 
discussed the National Meeting Program until long 
after the usual closing time. 

—A. P. Sidwell 


DIXIE 


The Dixie Section enjoyed tours of the new Gordon 
Foods plant (a division of Sunshine Biscuits, Inc.) 
and the new State Farmers’ Market, both located on 
the South Expressway near Atlanta, on May 15th. 


Gordon Foods Tour 
Gordon’s is the world’s largest and most modern 
plant for the production of potato chips and allied 


food products. Here the members saw the latest 
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equipment for deep fat frying of potato chips and 
related products, as well as storage rooms for the raw 
and finished products packed the ‘‘ Magic-Pak’’ way. 

Gordon Foods began business in March 1938 in At- 
lanta. The principal product was potato chips, with 
peanut butter sandwiches, salted nuts, and nut meats 
rounding out the initial line. All were made and 
packaged by hand. By 1941 the ‘‘Little Red Truck’’ 
~~symbol of Gordon Foods’ fresh-to-your-store distri- 
bution system—became familiar to thousands of peo- 
ple in Alabama, Floride, Tennessee, Mississippi, 
Arkansas, the Carolinas, and Indiana. There were 
some forty items in the Gordon line. End-of-the-war 
years marked the beginning of another era in the 
expansion program. Common stock in Gordon Foods, 
Ine., was offered to the public in 1947. Increased con- 
sumption of Gordon products was not the only con- 
cern of the company. They also recognized their 
obligation to insure their products reaching consumers 
with flavor and freshness intact. Gordon Foods’ 
technologists, working with Research Chemists at 
Georgia Institute of Technology, developed Gordon's 
**Magic-Pak,’’ which contains a product designed to 
absorb moisture within the bag of potato chips and 
assist in protecting their crispness. 

The roof of the Gordon plant is covered with a 4- 
inch deep, 414 acre ‘‘lake’’ which aids in cooling the 
plant area. The four latest type potato chip machines 
are completely automatic and can turn out from 
3,700 to 4,000 pounds of finished chips per hour. 
Electric-Eye sorting machines automatically grade 
peanuts after blanching. All that are not properly 
blanched or any undesirable nuts are automatically 
rejected. 


State Farmer’s Market Tour 

This, the largest farmer’s market in the world, was 
opened for business in 1958. It has facilities for 89 
wholesale produce dealers as well as for 1024 retail 
trucks which park under sheds. This market was con- 
structed as a bond issue project authorized by the 
Georgia State Legislature. The total sales each year 
are from $38 to $42 million. Sixty per cent of the 
sales are outside a 100-mile radium of Atlanta, forty 
per cent in Atlanta. The market is a redistribution 
point for other areas, including New York and Can- 
ada. The market works closely with the Poultry In- 
dustry and other industries in the state. Ten per cent 
of the produce comes in by rail and ninety per cent 
by truck. Limitation on produce is 10% culls, only. 
Any produce having more than this amount of culls is 
thrown out. 

A canning plant is operated by the State Depart- 
ment of Agriculture for the use of the housewives who 
ean buy cheaper produce at the peak seasons and can 
it for home use. Fees are charged to cover cost of cans 
and operation only. 

Mr. Boyce Dyer, director of the State Markets led 
the tour in the afternoon and told of the operation ‘of 
the Farmers’ Market after the evening meal. Mr. 
R. A. Bottomley, councilor of the Australia Northern 
Section brought ‘‘Greetings’’ from Australia to our 
section, 
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Election of officers for the Dixie Section was held. 
Officers elected for 1959-60 are : Chairman, William B. 
Cown, Ga. Tech., Atlanta; Vice-chairman, Ralph 
Bohn, consulting chemist, Atlanta; Sec.-Treas., Anjus 
J. Shingler, the Coca-Cola Co., Atlanta; Councilor, 
Dan E. Pratt, U. of Ga., Athens; Editor, H. Ray 
Maleom, Pomona Products Co., Griffin, Ga. 


Cordelia Ellis 


N. CALIFORNIA 


| 

Dr. Harold W. Schultz, who is head of the Food ; 
and Dairy Technology Department, Oregon State Col- 
lege, Corvallis, Oregon, spoke to us on ‘‘Foods for 
Tomorrow’s Market Basket’’ on June 3 at a joint 
meeting with the Food and Nutrition Section of the ' 


American Public Health Association at DiMaggio’s i 

Restaurant, San Francisco. 
There are over 6000 different food items in the re- 

tail food stores today, Dr. Schultz remarked. In 1941 

there were no more than 1500. This equid mean that 5 

there are many more different food crops produced on . f 

our farms today than 15 to 20 years ago. But this is ; |. 

not true, for we still have one kind of milk, essentially, . ; 


one kind of eggs, the same kinds of cereal grains and 
the same few kinds of meat animals we have had for 
many years. We do have a few more fruits and vege- 
tables but these cannot account for the increased 
number of consumer items. 


Cook-Chex takes the last trace of guesswork 

out of production control. 

1. Eliminate wrong cook schedules. 

2. Keep retort baskets in sequence. 

3. Guard against ‘‘by-passing’’ retorts. 

4. Provide low-cost permanent records for 

your cooking-plant. 

Cook-Chex is the chemically impregnated retort tag that 
changes from purple to green only after your run has been 
properly and completely retort processed. Hang a Cook- 
Chex on each basket before retorting — inspect it after 
withdrawing. You have the full “protection” record at a 
glance. It’s that easy — that sure. 
Used by all major packers. Approved and recommended 
by cannery inspectors. Ask them! 


Send for Free samples. Dept. FT-7 


ASEPTIC-THERMO INDICATOR CO. 


11471 Vanowen Street « No. Hollywood, California 
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Consumer demand for more and more convenience 
foods and advances in food technology can reasonably 
account for there being so many different food items 
today. In other words, food processors have changed 
our basic food materials into an ever-increasing num- 
ber of foods, more and more of which are ready to 
serve or nearly so. 

Advances in the technology of canning, freezing, 
dehydrating, concentrating, etc., of foods have made 
this change possible. An extended use of food additives 
has contributed greatly because these substances often 
permit desired properties to be built into foods which 
otherwise might be impossible. They can stabilize the 
foods in the condition it is intended the consumer 
should receive them by preventing growth of micro- 
organisms, chemical deterioration, or physical dam- 
age. Only some additives are preservatives; many 
other functions are performed such as to color, bleach, 
flavor, soften, harden, moisten, thicken, clarify and 
emulsify foods. 

The growth of the food industry and the vast im- 
provements in our food supply have most certainly 
been due to the application of science and technology. 

—S. V. Noland 


MINNESOTA 


The Minnesota Section of The Institute of Food 
Technologists was given a plant tour of the Rap-In- 
Wax Paper Company prior to attending a seminar on 
Flexible Packaging. 

The plant tour made it possible for members to ob- 
serve various printing processes in addition to the 
methods used in manufacturing breadwrappers, vari- 
ous foil structures, barrier materials and the well- 
known Rap-In-Wax Household Roll. 


Packaging—A Fifteen Billion Dollar Business 

P. M. Grieve, executive vice-president, Rap-In-Wax 
Paper Company, deseribed the packaging business as 
a 15 billion dollar industry. Mr. Grieve stated that 
one of the fastest growing segments of the packaging 
industry was that of flexible packaging. 

‘*In the past few years,’’ continued Mr. Grieve, 
**the homemaker has been treated to one of the largest 
mass advertising attacks since the war, and this one 
was aimed at the idea of convenience in the home.’’ 

**Convenience in packaging, handling, storage, mer- 
chandising and preparation are important to flexible 
packaging manufacturers, food product manufae- 
turers, retailers and to the ultimate consumer,’’ said 
Mr. Grieve. 


“Quality Control in Flexible Packaging” 

Rogers T. Hefty, chief quality control engineer of 
the company, told of methods used to make it possible 
to produce quality flexible packaging materials con- 
tinuously. 

The Good Package 


Donald D. Davies, creative art director, said that 
the biggest functional package he had ever worked on 
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was the camouflaging of the ‘‘U. S. S. Suwanee’’ dur- 
ing World War II, with a 4 inch paint brush. 

Mr. Davies listed several points which determine a 
good package: A good package stops the eye ahead of 
all competitive products on the shelf . . . conveys the 
feeling of the product it contains . .. has the most 
possible ‘‘impulse appeal’’ . . . inspires confidence in 
product and manufacturer . .. provokes instant recog- 
nition of both brand and product name .. . is easier to 
handle, store, open and use than competitive products 
... has a design personality strong enough to make 
people remember it and reach for it the next time 
they are in the store. 

According to Mr. Davies, color, logotype, legibility, 
lay-out, key-line art are all partners in the develop- 
ment of a new or better package and require the ele- 
ment of enthusiasm on the part of the client to set the 
wheels in motion for an imaginative and creative 
artist. The client can best furnish enthusiasm to the 
artist by passing on the necessary background ma- 
terial and information to provide the fuel needed for 
developing creativeness. 


“Sales Potential of Flexible Packaging” 


A. H. Loux, commercial sales manager, said that in 
the last three years the packaging industry has had 
an over-all growth of about 5%, but that the flexible 
packaging segment has had an increase of about 33%. 
The sales potential of a new packaging material must 
also be evaluated in terms of cost, convenience, and 
merchandising. According to Mr. Loux, flexible pack- 
aging can lower packaging and shipping costs by be- 
ing easier to handle and lighter in weight than rigid 
containers. 

Frozen foods which can be heated in the oven, or by 
merely dropping a pouch into boiling water are two 
of the homemaker conveniences made possible by 
flexible packaging. ; 

Flexible packaging—foil with its glitter, the pouch 
with its transparency, the wax papers with their gloss, 
the printing and the rotogravure full-color illustra- 
tions all combine to make the flexible packaging indus- 
try a leader in selling the products the food industry 
develops and produces. 


Food Additives 


Norman Foster, chief chemist, Minneapolis Office of 
the new Food and Drug Administration, gave a timely 
review of the new food additive law, particularly as 
it applied to food packaging materials. 

During a brief business meeting the following mem- 
bers were elected to serve as officers: Chairman— 
Gerald Vacha, State Department of Agriculture, State 
of Minnesota; Vice-chairman—Howard Bauman, Bio- 
logical Research Branch, The Pillsbury Company ; 
Counselor (2 years)—John Wintermantel, General 
Mills; Secretary-Treasurer — Shirley Trantanella, 
Frozen Food Laboratory, Department of Horticulture, 
University of Minnesota. 

—F. L. Sorensen, Jr. 
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Only Morton offers you the right salt, in any form- 


Morton ‘999’ Salt is the highest purity salt commer- 
cially available everywhere in the United States. ‘999’ is 
a low price, premium grade salt entirely free from bit- 
ter calcium and magnesium compounds that can 
distort flavor. Morton ‘999’ is always 99.9% clean, pure 
sodium chloride, exceptionally low in the trace metals 
copper and iron. 

What's more, ‘999’ quality never varies from ship- 
ment to shipment whether you buy a bag or a carload. 

Morton also offers you high purity ‘999’ Salt in handy 
tablet form. You get tablets that are always the exact 
weight, size and blend you require for accurate flavor 
control. 

Morton combination tablets are precision made to 


your exact requirements. You can order Morton Salt 
blended in unvarying amounts with ascorbic acid... 
spices...citric acid... sulphur...M.S.G.... calcium 
chloride and other flavoring agents. Tablets come in 
10-grain to 400-grain sizes. 

Morton offers a complete line of tested and approved 
dispensers to help you reduce labor costs, eliminate 
waste and assure better flavor control through accu- 
rate dispensing of seasonings and preservatives. 
Technicians are available to help you select and install 
the dispenser or brinemaker best suited to your needs 
... to assist with initial use and provide regular follow- 
up maintenance to assure efficient, trouble-free opera- 
tion that saves you time and money. 


All dispensing and brinemaking devices are serviced by 
Scientific Dispensing Co. Division of Morton Salt Company. 


q 
A 
= 
ae 
{ 
| 
| 
al thes 
aft 
30 


and dispensing service to meet your special needs 


The amazing Flocron Liquid Dispenser works elec- 
tronically—remote controls permit you to ‘‘dial’’ the 
exact amount of liquid ingredients required for various 
can sizes. Handles up to 300 units per minute. Can be 
operated on existing equipment without revising ex- 
isting production lines. 


The Salt Tablet Depositor automatically deposits salt 
tablets in as many as 700 cans a minute. Guaranteed 
accuracy. Automatic models work on a ‘'no can, no 
tablet'’ and a ‘‘no tablet, line stops'’ basis. Depositors 
come in special sizes ... will place tablets in narrow 
mouth bottles, cans and jars. 


The Morton Model-E Brinemaker is specially designed 
to produce up to 800 gals. of brine per hour from readily 
available ‘999’ Salt. No space-wasting storage tank 
needed. No need for costly shutdowns for cleaning out 
sludge or impurities. 


The Bulk Salter Machine dispenses salt, sugar, M.S.G., 
and other seasonings in dry form. Serves up to 400 
cans per minute—if no can is present, no seasoning 
is released. Machine can be filled and supervised by 
unskilled labor. 


Write today for more information! 


We'll be happy to send you more 
information about high purity 
Morton ‘999’ Salt... the Model E. 
Brinemaker...Flocron Liquid 
Dispenser... Bulk Salter Machine 
or the Salt Tablet Depositor. 


INDUSTRIAL DIVISION 


Dapt. FT-7, 110 No. Wacker Drive, a: 6, lilinois 
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MAPLE FLAVOR 
FOLKS: 


A: Se is a real American flavor. 
favorite” in ice cream, candies, 


icings an and syrups. 


At American Laboratories, 


we have painstakingly researched 
processed the finest maple 
gs on the market today. 
u want a ‘‘magnificent” 
to build success right into 
~ call on American Foods. 


e MAPLEX. concentrated 
pure non-alcoholic maple #309: 
For finest quality maple syrups, ice 
creams, jicings, and candy centers. 

_ @ Highly concentrated pure alcoholic 
Maple Extract #721. For every appli- 
cation where alcoholic maple flavor is 

appropriate, in icings, candies, etc. 


@ Imitation Maple Flavor #311. A 
superb, balanced, economical maple 
flavor for all appl 


Address inquiries to Mr. 
kery Division, Amer 


AMERICAN FOOD 
LABORATORIES, INC. 


LEY AVENUE, BROOKLYN 8 
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BOOKS 


ApVANCEs IN Foop TecHNnoLogy, Vol. 8. 1958. Ed. 
E. M. Mrak and G. F. Stewart. Academic Press Ine. 
Publishers, 111 Fifth Ave., New York, N. Y. 

The eighth volume in this most valuable series is 
well up to the standard of its predecessors and serves 
to emphasize the enormous field which is now classed 


; as Food Technology. Each of the contributors, three 


from the U.S.A., two from the United Kingdom and 
one from the Netherlands, is a recognised expert in 
his own field and, therefore, there is a general high 
quality of presentation throughout the book. 

However, in spite of the general excellence there is 
one contribution which, to this reviewer, is a gem 
among gems. I refer to Dr. Amerine’s splendid re- 
view of the inorganic constituents of wines. One can- 
not but admire the author’s industry and scholarship 
in organizing the material from so many sources (519 
references in six languages from 18 different coun- 
tries) so concisely and neatly. This could well serve 
as a model to literature reviewers and its contents will 
be of considerable value to enologists and food ana- 
lysts in general. It will, no doubt, be comforting to 
many readers to learn that one-third to one-half of 
one’s daily requirement of several essential minerals 
can be obtained from a litre of wine. 

Dr. Scott Blair in his review of ‘‘ Rheology in Food 
Research’’ describes both the nature and extent of the 
problem and emphasises the need for competent 
specialists in this highly complex field. At the same 
time he reveals his own stature and outstanding con- 
tribution. He reviews the many empirical methods 
which have been developed to examine a variety of 
physical properties in foods and while all cereal 
chemists might not agree that the Swanson mixograph 
provides a . . . highly suecessful rheological test 
used to predict the quality of a foodstuff’’ his com- 
ments and guidance are most helpful. No one, of 


| course, is more able to discuss the fundamental studies 


of the rheological properties of foods and this section 
of the review is probably the most stimulating. While 
the author might have said more to discourage the 
dabbler and the knick-knack merchant, there is no 
doubt that his review will whet the appetite of the 
serious student for Dr. Scott Blair’s earlier and more 
comprehensive works on this extremely important 
subject. 

Dr. F. E. Lee presents a very useful survey of the 
literature under the title ‘‘The Blanching Process.”’ 
He covers the compositional changes which oecur in 
vegetables during steam and hot water blanching and 
discusses their effeet on nutrients and on chlorophy!! 
content and colour retention. He presents an in- 
teresting account of the progress made in electronic 
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Proved Safe. Foods containing beta 
carotene have been consumed for thou- 
sands and thousands of years, but 
Roche did not market its beta carotene 
until it had been tested and tested and 
tested again over a long period of time 
for acute and chronic toxicity, Such 
tests clearly demonstrated that Roche 
beta carotene is safe. Remember: beta 
carotene is one of nature’s own coloring 
agents. [t belongs in food. 


No Coal Tar Color. Roche beta caro- 
tene is not a coal tar color! Beta 
carotene Roche does not contain coal 
tar! Beta carotene Roche is not in any 
way derived from coal tar! No coal tar 
constituent is introduced into the prod- 
uct during the Roche manufacturing 
process. Made from citral obtained 
from lemongrass oil and other natural 
products, and produced by carefully 
controlled scientific processes, Roche 
beta carotene is identical chemically 
and biologically (as provitamin A) with 
beta carotene contained in vegetables 
and other foods. 


Roche Beta Carotene is available in 
five convenient forms for food proc 
essors to suit particular products and 
conditions, These are: 


e@ Beta Carotene and Vitamin A Blends 
in Vegetable Oil 


e@ Beta Carotene Blends in Vegetable 
Oil 
@ 24% Beta Carotene; Semi-Solid 


Suspension 


e 30% Beta Carotene; Liquid Sus- 
pension 
NEW! Dry Beta Carotene Beadlets, 
Type 2.4-S Water-Dispersible 
[ VITAMIN DIVISION 
HOFFMANN-LA ROCHE, INC, 


Nutley 10, New Jersey 
Nutley 2-5000 


New York City — OXford 5-1400 
C0 LORI NG In Canada: Hoffmann-La Roche Lid., 1956 Bourdon 
Street, St. Laurent, Montreal 9, P. Q. 
Pacific Coast distributer: |. H. Butcher Co., Sen 
Francisco « Los Angeles « Seattle « Portland 
Salt Lake City 


Trademark: Roche® 
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SAVE 


OF YOUR PRESENT COST 


MEAT 


Join the many food manufacturers who 
have cut their costs without cutting 
flavor. Instead of paying high prices 
for all the meat extract you need, use 
Vico meat extract substitute and ex- 
tender. Every pound you use will save 
you more than 75% on the current 
market price for meat extract. Many 
food processors have substituted as 
much as 75% without changing the 
flavor of their product. Vico meat ex- 
tract substitute and extender is excellent 
for soups, gravy bases, sauces—even 
adds flavor to processed meats. Con- 
tains highly nutritive amino acids and 
Vitamin B Complex factors. And its 
price doesn’t fluctuate with the market. 
Also available with natural hickory 
smoked flavor. Chemical analysis on 
request, or 


WRITE FOR FREE SAMPLE 
. « « sent only to bona fide 
research or purchasing person- 
nel. Write on company letter- 
head stating title and we will 
send sample postpaid. 


PRODUCTS 
COMPANY 


Manufacturing chemists for the food 
and pharmaceutical industries 


417 W. SCOTT, DEPT. FT, CHICAGO 10, ILL. 


FOOD TECHNOLOGY, JULY, 1959 


blanching. An odd sentence here 
and there (e.g. ‘‘Steam Pressure’’ 
p. 86) appears to have been a lded 
as an after thought and perhaps 
for the sake of completeness, some 
reference to the work of E.G.B. 
Gooding at Aberdeen, Scotland and 
that of T. S. Pang at Taiwan might 
have been made. Nevertheless, Dr. 
Lee’s contribution will prove a 
most valuable work of reference for 
all who are concerned with the can- 
ning, freezing or dehydration of 
vegetables and fruits. 

Dr. Max Milner’s work is well 
known to all cereal chemists and 
his review of ‘‘ New methods to de- 
tect and eliminate insect-infested 
grain’’ which ineludes a critical 
account of the major physical and 
chemical methods of detecting in- 
ternal damage caused by insects in 
grain and proposals for separating 
the sound from the unsound ker- 
nels will be well received. The au- 
thor is to be congratulated on the 
stand he takes in relation to the 
quantitative expression of insect 
contamination. His assumption that 
the insect particles are of the same 
overall dimensions as the particles 
of flour they contaminate may not 
be wholly valid in that only one 
dimension (e.g. the diameter of a 
leg) need be equal to or less than 
that of the sereen aperture in or- 
der to pass through. This notwith- 
standing, his argument is sound 
and reasonable and deserves sup- 
port and further investigation in 
those countries which base their 
limits of tolerance on a count per 
unit weight. 

Dr. P. A. Roelofsen gives a 
thorough and learned account of 
the biochemical changes which take 
place during the fermentation, 
drying and storage of cacao beans. 
He discusses the micro-organisms 
responsible for the fermentation 
reactions and describes the changes 
which the polyphenols and other 
constituents undergo during each 
of the conditions to which the 
beans are subjected. His remarks 
on flavour and aroma serve to re- 
emphasize how little is known 
about this all important aspect of 
food technology. Dr. Roelofsen’s 
own considerable and original con- 
tribution to the field he reviews is 
well illustrated. 


For those who start at the be- 
ginning of Volume 8 and read on 
to the end the last contribution is 
well worth waiting for and consti- 
tutes a fitting climax. In just un- 
der 100 pages Dr. Hulme presents 
a scholarly account of the composi- 
tion of and the changes which oc- 
cur in apple and pear fruits on the 
tree and after harvesting. As the 
author suggests in his introduc- 
tion, the contents will probably be 
of at least as much interest to the 
plant physiologist as to the bio- 
chemist. 

It would be thoughtless to con- 
clude without a word of congratu- 
lation to the editors, Drs. Mrak 
and Stewart, for maintaining the 
excellent level of organization and 
presentation which has persisted 
throughout the series and to the 
Editorial Board for the catholicity 
of the subject material and for the 
excellence of the contributors se- 
lected. 

J. H. 


Toronto, Ontario, Canada 


LITERATURE ON 
FOOD RESEARCH AND 
FOOD TECHNOLOGY 


Commodities 


Checklist of U. 8. standards for farm 
products, Revised. Washington, 1959. 
16 p. (U.S.D.A. Marketing informa- 
tion division, AMS 210.) pap. apply. 

Coffee for armed forces, military develop- 
ment and conversion to industry sup- 
ply. Franz A. Koehler. Washington, 
1959. 134 p. (U. 8S. Quartermaster 
General of the Army. Historical 
Branch. QMC historical study series 
II. 

Another volume in the history of 
military development and procurement 
of food. 

Grading and inspection of eggs and egg 
products. Revised. T. H. Pond and 
Lester Kilpatrick. Washington, U. 8. 
Govt. Print. Off., 1959. 24 p. (U.S.D.A. 
Agricultural information bulletin 159.) 
pap. $0.15. 

Economic effect of U. 8. grades for beef. 
E. R. Bowman and F. C. Genovese. 
Washington, 1959. 199 p. (U.S.D.A. 
Marketing service reports 298.) apply. 

Encyclopedia of candy and ice-cream 
making. Simon I. Leon. New York, 
Chemical Publishing Co., 1959. 454 p. 


* Materia! for this list should be sent to Dr. 
James G. Hodgson, Chief, Library Branch, 
Quartermaster Food and Container Institute 
for the Armed Forces, 1819 W. Pershing Road, 
Chicago 9, Illinois. 
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Now! From Staley’s® 
New Improved 


SOY FLOUR 


Increases the 


Nutritional 
Value 


OF YOUR 
Bread, Cakes, Soft Cookies 


No wonder so many bakers are switching to 
Staley's Soy Flour. For they can give their 
baked goods extra food values and extra sales 
appeal at no extra cost. 

High in protein, Staley’s Soy Flour in- 
creases the nutritional value, enhances the 
flavor, without imparting a dark color to your 
baked goods. Staley’s Soy Flour contains no 
starch. Supplies significant amounts of all ten 
indispensable amino acids. Exceptionally rich 
in all the essential minerals. Provides appre- 
ciable amounts of vitamins A, B,, Riboflavin, 
Pantothenic Acid, Niacin, Pyridoxine, Biotin, 
Inositol and Choline. 

In bread—Staley’s Soy Flour extends shelf 
life. Improves crust color. Increases nutri- 
tional value. Lowers costs. 

In cakes and soft cookies—Staley’s Soy 
Flour extends shelf life. Enhances eating qual- 
ities. Lowers costs. 

In doughnuts and other yeast-raised 
products—Staley’s Soy Flour holds freshness 
longer. Has less fat absorption. Provides a 
cleaner deposit. Lowers costs. 

In sweet doughs—Staley’s Soy Flour ex- 
tends shelf life. Adds nutritional values. Im- 
proves crust color. Lowers costs. Enables 
easier make-up. 

In pie doughs—Staley's Soy Flour lengthens 
shelf life. Affords tenderer, flakier crust. Im- 
proves crust color. Produces an easier-han- 
dling dough. 

For complete information, see your Staley 
Representative or write today to: 


=) A. E. Staley Mfg. Co., Decatur, Ill. 
Branch Offices: Atlanta Boston Chicago - Cleveland 


Kansas City New York Philadelphia San Francisco 
St. Lowis 
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An alphabetical listing of confections, 
ingredients and processes. 

Meat we eat, 5th rev. ed. P. T. Ziegler. 
Danville, Ill, Interstate, 1950. 548 p. 
$5.00. 

Shrinkage and grades of wheat stores in 
county elevators in Kansas. J. W. Tay- 
lor and R. E. Clifton. Washington, 
1959. 14 p. (U.S.D.A. Agricultural 
marketing series AMS-291.) pap. 
apply. 

Trends in the United States sugar indus- 
try, production, processing, marketing. 
Washington, U. 8S. Govt. Print. Off., 
1959. 24 p. (U.S.D.A. Marketing re- 
search reports 294.) pap. $0.15. 


Food Technology 


Cleaning plastic equipment used in han- 
dling maple sap. C. O. Willits, H. A. 
Frank, and R. A. Bell. Washington, 
1959. 12 p. (U.8.D.A. Agricultural 
research service, ARS 73-23.) pap. 
apply. 

Correlation in radiation sterilized foods 
of chemical changes associated with 
characteristic flavor developed, April 
22, 1955-June 30, 1956. Chieago, Quar- 
termaster Food and Container Insti- 
tute, 1956. 13 p. processed. (Contract 
DA 19-129-QM 407-5502, Report 9.) 
Now available as PB 131948 from the 
Office of Technical Services, U. 8. Dept. 
of Commerce. $0.50. 

Frozen foods. Kirby M. Hayes and David 
B. Barrow. Ambherst, Mass., 1959. 15 
p., processed. (University of Massa- 
chusetts. Extension Service. Leaflet 
R-5.) Tips to the store manager on how 
to get the most from frozen foods. 

Getting the most out of frozen foods, 
Kirby M. Haynes and Charles E. Esh- 
bach. Amberst, Mass., 1959. 24 p. 
(University of Massachusetts. Exten- 
sion Service. Leaflet C-12.) A guide 
to the consumer in selection, storage 
and eare of frozen foods. 


Chemical Aspects 


Analytical chemistry; some new tech- 
niques. A. G. Jones. New York, Aea- 
demic Press, 1959. 276 p. $7.50. 

Proceedings of the International Sym- 
posium on Enzyme Chemistry, Tokyo 
and Kyoto, 1957. Katashi Ichihara 
and others, eds. New York, Academic 
Press, 1958. 555 p. $16.50. 

Safety of Polyoxyethylene (8) Stearate 
for use in foods. A report of the Food 
Protection Committee of the Food and 
Nutrition Board. Washington, 1958. 
19 p. (National Research Council. 
Publication 646.) ‘‘There is no con- 
sistent indication of toxic activity by 
the material in experimental animals 
at a dietary level below 5 per cent. It 
is concluded that the use of polyoxy- 
ethylene stearate at levels not greater 
than 0.05 per cent in the human diet 
would be safe.’’ Conclusions, p. 17. 


Some tropical South Pacific island foods ; 


composition and nutritive value. M. 
Murai and others. Honolulu, 14, Uni- 
versity of Hawaii Press, 1958. 159 p. 
$2.00. 


Type reactors in fermentation chemistry. 


Lowell L. Wallen, Frank H. Stodola 
and Richard W. Jackson. Washington, 
U. 8S. Govt. Print. Off., 1959, 496 p., 
processed. (U.S.D.A. Agricultural Re- 
search Service. ARS-71-13). paper. 
Largely the diagrammatic formulas of 
chemical compounds and their result- 
ing changes due to the use of specific 
microorganisms, with bibliographic ref- 
erences to sources of information. Ar- 
ranged by type of reaction. 


Economic and Social Aspects 


Food for the people of Australia. R. C. 


Hutchinson. Sydney, N.S.W., Angus 
and Robertson, 1958. 262 p. 32 8 6 d. 


Grade names used in U. 8. standards for 


farm products. U. 8S. Agricultural 
Marketing Service. Washington, 1958. 
30 p. (U.S.D.A. Agricultural hand- 
book 157.) Apply. 


Promotion of lamb—results of a ecam- 


paign in Cleveland, Ohio. T. 8S. Hun- 
ter, W. E. Clement and N. Havas. 
Washington, 1958. 58 p. processed. 
(U.8.D.A. Marketing research reports 
292.) Apply. 


Miscellaneous 


Alcohol in Italian culture, food and wine 


in relation to sobriety among the 
Italians and Italian Americans. Gior- 
gio Lolli and others. Glencoe, Ill., Free 
Pres, 1958. 155 p. $4.00. One of the 
Yale Center ef Alcohol Studies. Scien- 
tifie reports on the relationship be- 
tween eating and drinking among 
Italians and Italian Americans and the 
absence of drunkenness. 


Man’s place in nature. Thomas H. Hux- 


ley. Ann Arbor, Mich., University of 
Michigan Press, 1959. 184 p. (Ann 
Arbor paper backs, AA 24.) pap. 
$1.75. One of a new series of paper- 
back editions which needs to be 
watched because it includes many of 
the basic works of science. 


National strategy in an age of revolu- 


tions: Addresses and panel discussions 
of the Fourth National Military-Indus- 
try Conference, Feb. 17-19, 1958, Chi- 
eago. Ed. by George B. de Husgar. 
New York, Frederick A. Praeger, 1959. 
282 p. $6.00. Food plays a part in the 
strategy. 


Origin of cultivated plants. Alphonse de 


Condelle. New York, Hafner Pub. Co., 
1959. 476 p. A reprint of the second 
edition of 1886. Includes many of the 
plants which serve as sources of foods. 


Science Information News, vy. 1, no. 1, 


Feb.-Mar. 1959. Washington, National 
Science Foundation, 1959 +. A new 
periodical with news of the scientific 
field issued by the National Science 
Foundation. 
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Mais 
Merck MSG brings flavor 


It’s easy to improve the taste of almost any processed food by using MSG from Merck. As your 
new basic source for this important flavor-enhancing ingredient, Merck offers pure monosodium 
glutamate—unsurpassed in quality—always uniform from lot to lot. Merck’s technically advanced 
manufacturing process assures steady MSG production and dependable delivery. And as an extra 
benefit, Merck’s Food Research and Technical Service Staff stands ready to help you solve product 
and production problems. Get the full story now by contacting your nearest Merck Sales Office. 


a product of MERCK 


MERCK & CO., RaAHway, JERSEY 
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ABSTRACTS 


General Foods Research Center 
Selected by H. A. Campbell 


ANALYTICAL METHODS 
Food. Review of applied analysis. 


Moroarriper, K. (Food and Drug Re- 
search Labs., Ine., Maspeth, N. Y.). Anal. 
Chem, 31, 691-6 (1959). 

This review covers advances in food 
analysis represented by publications 
available to the author prior to Deeem- 
ber 1, 1958. Excepting the more spee- 
tacular achievements resulting from the 
applieation of the more adyaneed chroma- 
tographic methods, particularly in the 
vapor phase, progress in food analysis 
hus been largely a matter of refinement 
of previous methods or their applieation 
to new situations. 


Starch electrophores's. I. Starch block 
electrophoresis. 


BLOEMENDAL, H. (Netherlands Cancer 
Inst., Amsterdam, The Netherlands). J. 
Chromatography 2, 121-35 (1959). 


Starch block electrophoresis is of grow- 
ing importance as a useful tool in protein 
chemistry for analytical studies as well as 
for isolation on preparative seale. The 
starch block technique opens up the pos- 
sibility for sepn. of various protein 
mixts.; it is often suecessfully applied in 
combination with other isolation methods 
and, in some cases, gives good results 
where other fractionation procedures fail. 
62 references. 


Detection and measurement of cis unsat- 
uration in fatty acids. 


Houtman, R. T., Ener, 8S. AND EpMonp- 
son, P. R. (Dept. of Physiol. Chem., 
Univ. of Minnesota, Austin). Arch. Bio- 
chem, Biophys. 80, 72-9 (1959). 


The absorbance of fatty acids at 2.15 
w has been related to the unsatn. of the 
samples and found to be a measure of 
the cis unsatn. Moles cis/kg. = 0.76 
(k x 10°) — 0.96. Absorbance of several 
fatty acids contg. other types of unsatn. 
indicates they absorb negligibly at this 
wavelength. A comparison between the 
direct measure of cis unsatn. and its 
measurement by iodine value minus trans 
unsatn. (infrared) has been made on 
several com. hydrogenated food prepns. 
and on soybean oil at several stages of 
hydrogenation. 


BIOLOGICAL SCIENCES 
Biochemistry 


Chromatography of dipolar ions. Activity 
coefficients of amino acids and pep- 
tides in ion exchange resins. 


Frire.son, J. (Dept. of Phys Chem., 
Hebrew Univ., Jerusalem, Israel). Arch. 
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Biochem. Biophys. 79, 177-86 (1959). 


The distribution of amino acids and 
peptides between a sulfonated polystyrene 
ion exchange resin and the ambient soln. 
was detd. from chromatography. This 
together with the exchange and ioniza- 
tion equilibria involved permitted the 
comparison of activity coeffs. of the 
tonin precipitable sterol vitamins and 
in soln. Some factors governing the resin- 
solute interaction are discussed. 


Ultraviolet spectrophotcmetric method for 
the determination of cholesterol. 


Weicensserc, B. I. aND McMILLAN, 
G. C. (MeGill Univ., Montreal, Can.). 
Am, J. Clin. Pathol. 31, 16-25 (1959). 


A spectrophotometric method is de- 
seribed for the detn. of cholesterol, either 
in its free form or as its digitonide. The 
technie is based upon the absorption of 
ultraviolet light in the 204 to 206 my re- 
gion by the ethylene linkage in the B 
ring of cholesterol. The method is suit- 
able for determining the free and total 
cholesterol in serum and tissues except 
in the presence of high conen. of digi- 
tonin precipitable sterol vitamins and 
hormones. The cholesterol does not re- 
act with any reagents except digitonin 
and ean be reclaimed. 


A method for simultaneous catheterization 
of major hepatic vessels in a chronic 
canine preparation. 


SHOEMAKER, W. C., WALKER, W. F., 
e/ al, (Harvard School of Public Health, 
Beston, Mass.). Am. J. Physiol. 196, 
311-14 (1959). 


A feasible method for measuring 
econen, changes of various substances as 
they enter and leave the liver is deseribed 
together with the operative technique. 
This prepn. allows simultaneous sam- 
pling of blood from all major hepatic 
vessels in the in vivo, unanesthetized dog 
under chronie exptl. conditions. 


Structure of a-keratin. 


Fraser, R. D., Macrar, T. P. anp 
Rogers, G. E. (CSIRO, Melbourne, Aus- 
tralia). Nature 183, 592-4 (1959). 


The molecular structure of a-keratin 
was investigated by combining electron 
microscope observations with parallel 
studies of low-angle X-ray diffraction 
and measurements of infra-red dichroism. 
Earlier conelusions that a-keratin con- 
sists of microfibrils about 60-80 A. in 
diam. embedded in a matrix rich in sul- 
fur have been confirmed. It is coneluded 
from the present expts. that during hy- 
dration the microfibril lattice expands to 
a greater extent than does the interchain 
distanee within the microfibrils. 


The reductive cleavage of disulfide bonds 
and its application to problems of pro- 
tein structure. 


Sexa, M., WuHirte, F. H. AND ANFINSEN, 
C. B. (Natl. Insts. of Health, Bethesda, 
Md.). Biochim. et Biophys. Acta 31, 
417-26 (1959). 


The quant. reduction of disulfide bonds 
in ribonuclease and lysozyme may be 
achieved at room temp. with thioglycolic 
acid in 8 M urea at pH 8.5. Sulfhydry! 
groups of the resulting cysteine residues 
may be reacted with iodoacetic acid to 
yield the S-earboxymethy! deriv. of these 
residues. The S-carboxymethyleysteine 
content of reduced and alkylated pro- 
teins may be estd. by dinitrophenylation 
of acid hydrolysates followed by chro- 
matographic isolation of DNP-SCMC., 
The method described is of particular 
value as an initial step in the study of 
amino acid sequence in such tryptophan- 
rich proteins as lysozyme. 


On the biological methylation of hista- 
mine. 3. 


LINDAHL, K. M. (Inst. of Zoophysiol., 
Univ. of Uppsala, Sweden). Acta Chem. 
Scand. 12, 2050-1 (1958). 


Histamine-2-“C-dihydrochloride was in- 
eubated for 1 hour at 37°C. with an 
enzyme ext. obtained from mouse liver, 
and the resulting mixt. analysed. The 
authors conclude that the sol. fraction of 
mouse liver contains a histamine methy- 
lating enzyme which utilizes S-adenosy!- 
methionine as methyl donor with great 
efficiency. 


Catabolism of physiological quantities of 
histamine in vivo. 
Scuayer, R. W. (Merck Inst. for 


Therapeutic Research, Rahway, N. J.). 
Physiol. Revs. 39, 116-26 (1959). 


The in vivo mechanisms of histamine 
eatabolism are reviewed in the light of 
work done since 1954. A detailed dis- 
eussion of oxidation, methylation, acety- 
lation pathways and of the quant. detn. 
of a number of metabolites is included. 
The author emphasizes the need for a 
satisfactory system of nomenclature in 
this area. 


Microbiology 


A rapid membrane filter method for direct 
counts of microorganisms from small 
samples. 


Ecker, R. E. anp Locknart, W. R. 
(Dept. of Bacteriol., Iowa State Coll., 
Ames). J. Bacteriol. 77, 173-6 (1959). 


Several methods have been described 
by which membrane filters may be used 
in making total counts of the microor- 
ganisms in fluid samples. When a sample 
is filtered the cells are well distributed on 
the filter surface of known area. The 
cells are stained and counted by direct 
microseopie observation, after the filter 
has been made transparent by appliea- 
tion of immersion oil. The technique de- 
scribed here, using simple app. and few 
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manipulations, is useful in situations 
which require the examn. of many small 
samples at frequent intervals. 


Studies of the toxin of Clostridium botu- 
linum. V. Prophylactic immunization 
of pheasants and ducks against avian 
botulism. 


Boxorr, D. A. anp J. R. (New 
Fngiand Inst. for Medical Research, 
Ridgefield, Conn.). J. Bacteriol. 77, 
142-6 (1959). 


The results of the expts. indicated the 
feasibility of prophylactic immunization 
of pheasants and ducks with the estab- 
lishment of an active immunity against 
as much as 2000 LD» bird doses of toxin. 
The impression was that toxoid-ineom- 
plete adjutant mixt. was a better antigen 
than toxoid alone, and that 3 to 4-week 
intervals between the first and second 
immunizing resulted in a 
greater degree of resistance. The aetive 
immunity so induced lasted at least 8 
months. The fact that immunization may 
be started when the birds are 1 week old 
is of considerable advantage. 


injections 


Effect of chlorpromazine on Salmonella en- 
teritidis infection in mice. 


(Purdue 


Science 29, 


Grosz, H. J. anp Norton, J. 
Univ., Lafayette, Ind.). 
784-5 (1959). 


Chlorpromazine inereases the suseepti- 
bility of mice to infection with Sal- 
monella enteritidis. 


Nutrition 


The genesis and absorption of intestinal 
ammonia. 


ANON. Nutrition Revs. 17, 38-40 


(1959). 


Studies indicate that ingested proteins 
may vary greatly in their ability to ele- 
vate blood ammonia conens. Also, the 
liberation of ammonia, possibly from 
amide nitrogen, independent of bacterial 
action may be responsible for the prompt 
rise in portal vein ammonia after protein 
feedings. 


Biotin in protein synthesis. 


ANON. Nutrition Revs. 17, 21-2 


(1959). 


The results obtained are consistent 
with the idea that biotin does not par- 
ticipate directly in protein synthesis but 
acts, perhaps as a coenzyme, in the syn- 
thesis of diearboxylie acids of the citric 
acid eyele which are essential for the 
processes of oxidative phosphorylation, 
which, in turn, secure the energy require 
ments for protein synthesis. 


Angiotensin. 


Paar, I. H., Bumpus, F. M. 
Scuwarz, H. J. Sei. American 200, 54-8 
(Mar. 1959). 
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Recently, a substance called angioten- 
sin was isolated from blood. This is a 
peptide material consisting of a chain of 
10 amino acids which can raise the blood 
pressure. It is suggested that hyperten- 
sion might be controlled by synthesizing 
a peptide similar to angiotensin but lack- 
ing its physiological activity. 


Action of vitamin A. 


ANON. Nutrition Revs. 17, 22-4 


(1959). 


It appears that the protein opsin, and 
consequently the outer segments of the 
rods of which it is an important con- 
stituent, are stabilized by combination 
with retinene and deteriorate rapidly in 
its absence. The authors suggest that 
many tissues contain structural proteins 
which are also stabilized by combination 
with vitamin A or its derivs. These also 
deteriorate in the deficiency state. If 
this is true, a logieal general explanation 
is finally available for the function of a 
previously little understood vitamin. 


Rate of oxidation of lipids. 


ANON. Nutrition Revs. 7 17-9 


(1959). 


The rapid disappearance rate of the 
triglycerides from the blood may repre- 
sent the speed with which they are utilized 
by the body. The slow disappearance of 
the phospholipid fraction suggests that 
it follows a metabolic pathway that is 
different from that of the triglycerides 
and that phospholipids remain in an in- 
tact state in the blood for fairly long 
periods of time. It is suggested that the 
phospholipid component of the chylomi- 
erons forms a reservoir within the plasma 
and lymph which is used over and over 
again in forming an emulsifying surface 
around the triglyceride particles. 


Dietary fat, obesity and longevity. 
Anon. Nutrition Revs, 16, 350 (1958). 


Recent expts. conducted in a study 
employing over 600 animals emphasize 
again that, at least in rats, increased 
growth rate leading to obesity can be 
brought about by a high fat diet with no 
other manipulation and that these con 
ditions may lead to a decreased life span. 


Essential fatty acids in infant nutrition. 
II. Effect of linoleic acid on caloric 
intake. 


Apam, D. J., Hansen, A. E. AND 
Wiese, H. F. (Dept. of Pediatries, Univ. 
of Texas School of Med., Galveston). 
J. Nutrition 66, 555-64 (1958). 


The Calorie intake was measured on 18 
healthy infants under 4 months of age 
who, for 1 to 28 weeks, were fed on 1 
or several of 12 different types of milk. 
The linoleic acid intake ranged from 


<0.1% to 8.0% of the total Calories. In 
spite of differences of 20 to 40% in 
Caloric intake the slope of the wt. curve 
did not change in the majority of the 
infants studied. On the basis of the 
data presented it appears that in young 
infants optimum Calorie efficiency is at- 
tained when linoleic acid comprises about 
4% of the Calorie intake. 


Effect of mixed fat formula feeding on 
serum cholesterol level in man. 


Hasuim, 8S. A., CLaney, R. E., Hee- 
sTeD, D. M. Srare, F. J. (Dept. of 
Nutrition, Harvard School of Public 
Health, Boston, Mass.). Am. J. Clin. Nu- 
trition 7, 30-4 (1959). 


Either the safflower oil or the mixt. of 
safflower and eoconut oils caused a 
marked deerease in serum cholesterol in 
humans. The results are incompatible 
with the proposed hypotheses that the 
serum cholesterol-lowering effect of a 
dietary fat is proportional to the iodine 
value or the linoleic acid content of the 
fat. In addn., the results do not support 
the view that the satd. fats counteract 
the effect of polyunsatd. fats. 


Effect of low-calcium intake on phosphorus 
retention, 


JoHNSTON, F. A. AND THORANGKUL, D. 
(New York State Coll. of Home Econ., 
Cornell Univ., Ithaca). J. Am. Dietetic 
Assoc, 35, 31-3 (1959). 


Seven young men, 3 aceustomed to 
daily phosphorus intakes of 1800 to 2050 
mg./day and 4 to intakes of 900 to 1600 
were placed on a moderate intake of 
phosphorus for 95 days. Balance periods 
of 16 days were conducted at the begin- 
ning, middle and end of the study. The 
mean phosphorus intake was 1063 mg./ 
day and ecaleium 232 mg. The percentage 
of phosphorus absorbed by the 7 subjects 
was constant at from 75 to 78. All exeept 
one subject was in neg. balance at the 
end of the study. The rate of loss was 
higher for those subjects accustomed to 
high intakes. 


Adaptation to a low-calcium intake. 


THORANGKUL, D., JouNnstTon, F. A., 
Kime, N. 8, aAnp CLARK, 8. J. (New 
York State Coll. of Home Eeon., Cornell 
Univ., Ithaca). J. Am. Dietetic Assoc 


35, 23-30 (1959 


Five men accustomed to intakes of 350 
to 750 mg. caleium/day and 6 aeccus- 
tomed to intakes of 1250 to 2000 mg. 
were placed on a balance study in which 
ealeium ranged from 175 to 253 mg./day. 
The mean urinary loss of calcium by the 
low-ealeium group was 91 mg./day, while 
the high-ealeium group lost 175 mg. dur- 
ing the first 16 day period, Continuation 
of the study for 95 days indicated a 
small trend towards increased retention, 
There was no indication that 180 to 230 
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mg. of ealcium/day was adequate. Bone 
density tests and urinary exeretion 
studies suggest a difference in stores due 
to habitual calcium intake. 


Hypoglycemic effects of saccharin in ex- 
perimental animals. 


Tuompson, M. M. Mayer, J. 
(Harvard School of Public Health, Bos- 
ton, Mass.). Am. J. Clin. Nutrition 7, 
80-5 (1959). 


A study was made of both chronic and 
acute administration of saccharin to 
obese-hyperglycemic mice, their lean lit- 
termates, and adult female Wistar rats. 
Hypoglycemia was produced in obese- 
hyperglycemic mice following chronic 
administration of 125-175 mg. saecharin 
daily; no change in blood sugar was seen 
in the other animals. 


The diet of sledge dogs. 


Tay.or, R. J. F., Worpen, A. N. AND 
Warernouse, ©. E. (Univ. of Cam- 
bridge, Engl.). Brit. J. Nutrition 13, 
1-16 (1959). 


The sledging diet for dogs was found 
to consist of a daily allowance of 1 Ib. 
of dog pemmican animal and a dried 
coned, food made mainly from beef. It 
is concluded from chem. analyses and 
dietary studies, that pemmican is an ill- 
balanced diet, with an abnormal and 
wasteful ratio of protein to ecarbohy- 
drate. A diet believed to be more suit- 
able for use in the field has been devised 
and is in use. 


Toxicology 
Feeding test with carrageenin. 


Ninson, H. W. anp Waener, J. A. 
(U. 8. Bureau of Com. Fisheries, College 
Park, Md.). Food Research 24, 235-9 
(1959). 


The data indicate that carrageenin is 
free from any deleterious substances 
which adversely affect the health of rats 
and mice or utilization of nutrients, ex- 
eept possibly for mechanical interference 
when excessively high levels are fed. 


Gibberellic acid: toxicologic and pharma- 
cologic studies. 


Kruura, E. T., Youne, P. R. 
STaNIszewskl, K. (Abbott Labs., Chi- 
eago, Ill). J. Am. Pharm. Assoc, 48, 
127-9 (1959). 


The plant growth stimulant, gibbere!l- 
lie acid, was tested for its toxicologie and 
pharmacologic properties in mice, rats, 
eats, guinea pigs, rabbits, and dogs. 
Both subacute toxicity in mice, and sub- 
chronic toxicity in dogs and rats showed 
the compd. to be asymptomatic and free 
of pathologie changes, histologically. The 
following studies were negative: circula- 
tion and respiration, barbiturate potenti- 
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ation, antipyresis, anticonvulsant 
tivity, intestinal motility, blood choles- 
terol, and blood glucose. 


Chemicals in foods. 


DeEps, F. (Western Utilization Re- 
search and Devel. Div., Albany, Calif.). 
J. Am, Dietetic Assoc. 35, 19-22 (1959). 

The wide variety of minor chem. con- 
stituents occurring naturally in foods 
and the diverse physiologic effects pro- 
dueed by those that have been investi- 
gated emphasize: the need for a sys- 
tematic investigation of this relatively 
unexplored field of research; the de- 
sirability of recognizing that these minor 
chem. constituents may be fully as im- 
portant to the health of the consumers »# 
are chem. additives; and that the die. 
tian should be as interested in these con- 
stituents as in chem. additives. 


Possible toxic factor of trichloroethylene- 
extracted soybean oil meal. 


McKryney, L. L., Picken, J. C., et al. 
(Northern Utilization Research and De- 
vel. Div., Peoria, Ill.). J. Am. Chem. 
Soc, 81, 909-15 (1959). 


Treatment of amino acids and pep- 
tides with trichloroethylene, under con- 
ditions known to produce the bovine 
aplastic anemia-causing factor in soy- 
bean oil meal and other proteins, showed 
that trichloroethylene reacted readily 
with the sulfhydryl groups of cysteine 
and reduced glutathione. The S-dichloro- 
vinyl derivs. of L-cysteine and L-gluta- 
thione were synthesized and found to 
produce the aplastic anemia syndrome in 
calves typical of that produced by tri- 
chloroethylene-extd. soybean oil meal. En- 
zymie hydrolysis of a toxie protein from 
trichloroethylene-extd. soybean oil meal 
resulted in the loss of a large portion of 
its toxicity. Chromatographie studies on 
the hydrolyzate indicated the presence of 
products resembling the synthetic eompds. 


FOOD AND FOOD TECHNOLOGY 
Baking and Bakery Products 


Taste and texture evaluation of lysine- 
supplemented baked products. 


8. R., Hause, N. L. anp Paut, 
D. E. (E. I. duPont de Nemours and 
Co., Ine.). Cereal Sci. Today 74-6 
(1959). 


No off-flavor resulted from the addn. 
of nutritionally optimum amts. of L- 
lysine monohydrochloride to breads, 
cakes, and doughnuts. The only physical 
property altered by these addns. was 
erust color of breads. Although the crust 
was slightly darker for the lysine-fortified 
breads baked under the standard set of 
conditions used in these tests, the de- 
sired degree of browning was obtained 
by appropriate adjustments in baking 
temp. and time without affecting other 
properties. 


Cocoa and Cocoa Products 


The estimation of lecithin in chocolate 
coatings. 


Bren, J. B. Mfg. Confectioner 39, 
17-18 (Mar. 1959). 


An easy to use method for the estn. of 
the lecithin content of coating chocolate 
is presented. The method involves taking 
viscosity readings after known and de- 
creasing amts. of lecithin are added to 
the chocolate. Viscosity data is plotted 
and the curves compared with those of 
known lecithin content. The author be- 
lieves this method will also apply to any 
additive which reduces chocolate vis- 
cosity. 


Coconut 


The chemical composition and nutritive 
value of cocoanut and its products. 


KRISHNAMURTHY, K., RAJAGOPALAN, 
M., et al. (Central Food Technol. Re- 
search Inst., Mysore). Food Sci. (India) 
7, 365-70 (1958). 


A review is given of the literature on 
the chem. compn. of copra, and coconut 
oil, proteins, carbohydrates, cake and 
water. The manuf., use, and nutritive 
value of these products is also discussed. 


Dehydration 


Drying with superheated steam-air mix- 
tures. 


Cuu, J. C., Frvet, W. 
AND Lin, M. Ind. Eng. Chem. 51, 275-80 
(Part 1, Mar. 1959). 


Granular sand was dried in an exptl. 
dryer using air, superheated steam and a 
mixt. which varied from 20 to 70% 
steam. Under the same conditions of 
mass flow and temp., superheated steam 
gave a faster rate than air during the 
constant rate period. Mixtures greater 
than 50% superheated steam showed no 
appreciable gain in drying rate during 
the constant rate period. During the 
falling rate period, steam gave a slower 
drying rate than air. 


Refrigerate dried fruit to save quality. 


MELEHAN, J. Canner/Packer 128, 32- 
3 (Feb. 1959). 


Mayfair Packing Company finds stor- 
age at 32-35° F. prevents deterioration 
and loss of color of dried fruits. Low hu- 
midities are preferable. Retention of 
vitamin C was appreciably better in cold 
storage samples and acceptability of cold 
storage samples held for 2 years was 
equal to the incoming erop. 


Pats and Oils 


The origin of the marine polyunsaturated 
fatty acids. 
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GOT 


FOOD 
PROCESSING 


SUNKIST KNOW-HOW produces the 
finest citrus products to be had. That 
same know-how —the backlog of 
more than 60 years experience—and 
those citrus products—over 400 of 
them—can help solve your food 
processing problem. 

Every course on the American menu 
has profited from Sunkist research or 


Sunkist technical advisers...over 400 different citrus 


products for industry...can help you solve it! 


Exchange products. We’ve made a 
good condensed soup glorious by add- 
ing a few ounces of Exchange Lemon 
Juice to 100 gallons of it. We have 
stopped pies from ‘‘bleeding’’ by 
using Exchange Low Methoxy] Pectin 
in the filling. 

And between soup and dessert, 
we’ve devised enough manufactur- 


EXCHANGE BRAND CITRUS PRODUCTS widely used by leading food 


processors include: Lemon Juice.. 


.Orange Juice...Orange Oil... 


Lemon Oil... Frozen Orange Puree... Frozen Lemon Puree... 
Preserver’s Pectin... Low Methoxyl Pectin. 


ing processes for the benefit of the 
American food processor to get Sun- 
kist 118 separate U.S. patents! 

Sunkist technical experts will be 
glad to work with you—in your own 
plant—or for you—in their own citrus 
research department. Write—or, if 
it’s urgent, telephone—and a Sunkist 
man will call on you. 


Sunkist Growers 


PRODUCTS SALES DEPARTMENT + ONTARIO, CALIF, 
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Keui_y, P. B., Reiser, R. anp Hoop, 
D. W. (Dept. of Oceanography, Texas 
A. & M., College Station). J. Am. Oil 
Chemists’ Soc, 36, 104-6 (1959). 


It was found that both shrimp and 
crabs lost much of their polyunsatd, acids 
on the fat-free diet and regained it 
again by ingestion, as do fish. The 
shrimp, however, appeared to synthesize 
more highly unsatd. acids from ecotton- 
seed oil than did other aquatic animals. 
The importance of the detn. of the strue- 
ture of aquatic plant and animal fatty 
acids in the problem of the origin of the 
acids and their mechanism of synthesis 
was discussed. 


Feedstuffs 


Nutritive value of low and high protein 
sorghum grains for growing chickens. 


Vavicn, M. G., Kemmerer, A. R., 
Nimpkar, B. Stirn, L. (Dept. of 
Agr. Biochem., Univ. of Arizona, Tue- 
son). Poultry Sci. 38, 36-40 (1959). 


The biol. value of the protein of 2 
sorghum grains, contg. 10.5% and 15.3% 
protein, was compared using growth of 
chicks as the criterion. The protein of 
the low protein sorghum grain was found 
to be superior to the protein of the high 
protein sorghum. Microbiological amino 
acid assays showed that sorghum grains 
are low in lysine and arginine. 


Milk 


Radiation preservation of milk and milk 
products. V. Precursors to the radia- 
tion-induced oxidation flavor of milk 
fat. 


Horr, J. E., Wertuem, J. H. Anno 
Procror, B. E. Massachusetts Inst. of 
Technol., Cambridge). J. Dairy Sci. 42, 
468-75 (1959). 


Oxidation flavor produced upon irradi- 
ation of milk fat is derived from certain 
of its component fatty acids. One of 
these acids has been identified as lino- 
lenie acid. Other acids required for 
production of irradiation-induced oxida- 
tion flavor have been isolated in an un- 
identified mixt. This unknown isolate 
is believed to contain the vinyl group 
and branched chains. Linolenie acid pro- 
duced a fishy flavor upon irradiation, 
while the mixt. of fatty acids contg. the 
vinyl group and branched chains gave 
rise to a flavor characterized as candle- 
like. These 2 flavors blended upon mix- 
ing to give the typical tallowy oxidation 
flavor of irradiated milk fat. 


Poultry 


Estrogenic residues in the edible tissues of 
stilbestrol-fattened chickens. 


Umpercer, E. J., Gass, G. H., et al. 
(U. 8S. Dept. of Health, Edue. and Wel- 
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fare, Washington, D. C.). Poultry Sci. 


38, 118-28 (1959). 


The edible tissues of chicken treated 
with stilbestrol in the form of a i2-mg. 
pellet, a 15-mg. paste, and a 15-mg. 
liquid-rosin  prepn. contain measurable 
amts. of estrogenic activity 4 to 5 weeks 
after treatment. Cooking does not de- 
stroy the estrogenic residues in the 
tissues, 


Starch 
Solution properties of dialdehyde starch. 


Levine, 8., Grirrin, H. L. anp SENTI, 
F. R. (Northern Utilization Research 
aud Devel. Div., Peoria, Ill.). J. Polymer 
Sci. 35, 31-42 (1959). 


Low levels of periodate oxidation in- 
creased the dispersibility of cornstarch 
in water at 98°C. Above the 10% level 
of oxidation, cornstarch became more re- 
sistant, and longer heating times were 
generally required to form stable solns. 
Introduction of dialdehyde groups into 
the anhydroglucose residues of the starch 
molecules thus made the structure labile 
toward degradation on heating in water. 
The observation that aggregation could 
be prevented by addn. of glucose was ex- 
plained by competition of hydroxyl 
groups of glucose with hydroxyl groups 
of starch in their reaction with alde- 
hyde groups. 


The effect of salts upon starch granule 
rupture. 


Winter, S. S. anp Lorsetue, A. A. 
(Dept. of Chem., Northeastern Univ., 
Boston, Mass.). J. Colloid Sei. 13, 576- 
83 (1958). 


Viscosity measurements show that salts 
do not affect the rate of starch granule 
rupture. This indicates that only the 
solvent plays a major role in the swell- 
ing process. The salts affect the con- 
formations of the hydrated starch mole- 
cules in the same manner in which elee- 
trolytes affect other polyelectrolytes. 


Substrate cleavage point of the a- and 
8-amylases. 


Mayer, F. C. anp LARNER, J. (Noyes 
Lab. of Chem., Univ. of Illinois, Ur- 
bana). J. Am. Chem. Soc. 81, 188-93 
(1959). 


Hydrolysis of glycogen by eryst. 8- and 
a-amylases has been carried out in H,O”. 
Snzymatically formed saeccharides con- 
tained O” in the 1 position to the extent 
of about 90%. Maltose controls con- 
tained only traces of O"*. It is concluded 
that both 8- and a-amylases rupture the 
C-1 2 Yond of the a-1,4 linkages hydro- 
lytieally. A mechanism consistent with 
these findings is presented and discussed. 


Industry 


PERSONNEL 


Dr. Samuel Cate Prescott (center) who, 
with W. Lyman Underwood, grandsen of 
the founder of the William Underwood 
Company, first successfully placed food 
canning on a scientific basis in the 1890's, 
at dedication of the new Underwood-Pres- 
cott Laboratory at the Watertown, Mass. 
plant of the William Underwood Company. 
Participating in the ceremony is (left) 
George C. Seybolt, president of the Com- 
pany, and L. V. Taylor (right), manager 
of product development. The dedicatory 
plaque just outside the research laboratory 
displays an industry tribute made to 
Messrs. Underwood and Prescott some 
years ago. The tribute reads: “The can- 
ners of this country owe more to Prescott 
and Underwood for placing their industry 
upon a scientific basis than to any other 
investigators.” 


George K. Parman has been pro- 
moted to the position of Technical 
Director of the Vitamin Division, 
Hoffman-La Roche, Ine. At the 

same time Paul 
E. Sleezer has 
been advanced 
to the position 
of Assistant 
Technical Diree- 
tor. Their new 
assignments be- 
gan May 1. Both 
of these men 
have had long 
experience with 
the technical group of the Roche 
Bulk Vitamin Division. 

Mr. Parman has spent his entire 
professional career in the pharma- 
ceutical and food industries. <A 
native of Nebraska, he graduated 
with a B.S. degree from lowa State 
College. Mr. Sleezer is from Illi- 
nois and a graduate of the Illinois 
Institute of Technology, Chicago. 
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Dr. B. S. Schweigert is one of 
several Chicago area scientists who 
will lecture in 
the new course 
on nutrition of- 
fered at Univer- 
sity College, 
University of 
Chicago, this 
fall. Latest 
trends in nutri- 
tion research 
will be discussed 
by experts; the 
course will be at the graduate lev- 
el. Food industry technicians, bio- 
chemists, dieticians, nurses and 
many other groups concerned with 
nutrition will find the course a 
means of up-dating their knowl- 


edge. 


B. S. Schweigert 


The appointment of Mr. John A. 
Kooreman as Manager, Technical 
Sales Service, Food Division of Pe- 
nick & Ford, has been announced 
by Dr. J. E. Kil- 
linger, Director 
of Technical 
Sales Service. 
Mr. Kooreman 
has been associa- 
ted with Penick 
& Ford since 
1939, specializ- 
ing in the appli- 
cation of the 
company’s 
products to the confectionery, ice 
cream, canning, baking, and allied 
fields. Mr. Kooreman is a graduate 
of Central College, Pella, Iowa, 
and lowa State College, Ames, 
where he received a Bachelor’s De- 
gree in Chemical Engineering. 


John A. Kooreman 


National Company has 
appointed Miss Eleanor M. Crozier 
director of Home Economics, it has 
been announced by Harry F. 
Schroeter, Director of Nabisco’s 
General Advertising Department. 
Miss Crozier succeeds Mrs. Erna 
Miss 


Nibley, who has resigned. 


Crozier came to Nabisco in 1957 as 
Manager of Consumer Information. 
Previously she had served as Diree- 
tor of Home Economies for Minute 
Maid Corporation and her former 
associations inelude United Fruit 
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Company, Good Housekeeping 
Magazine, and Hoffman-La Roche, 
Ine. 


Aluminum Company of America, 
an exhibitor at the Institute of 
Food Technologists Philadelphia 
meeting, has announced the ap- 
pointment of Dr. Bernard Oser, a 
leading toxicologist, as consultant 
on coatings for aluminum foil. He 
will advise on proper non-toxic ma- 
terials to be used in coating proces- 
ses involved in preparing foil for 
ultimate use in food packages. Dr. 
Oser, a graduate of the University 
of Pennsylvania, earned his Master 
of Science degree at Pennsylvania, 
and received his Doctor of Philoso- 
phy degree from Fordham Univer- 
sity. 


Dr. Lloyd A. Hall, Technical Di- 
rector, The Griffith Laboratories, 
Ine., Chicago, Illinois, received the 
Hionorary D. Se. degree from How- 
ard University, Washington, D. C. 
on June 5, 1959. 


An unusual contribution to gas chro- 
matographic analysis is an analog com- 
puter announced by Podbielniak, Inc., 341 
E. Ohio St., Chicago 11. 

To aid the analyst and speed up his effi- 
ciency, as well as to insure accuracy, the 
newly announcsd PODBIELNIAK COM- 
PUTAGRAM now makes it possible to 
calculate a complete analysis in less than 
THREE MINUTES. Calculated percen- 
tages are accurate to within 0.1%. The 
computer corrects peak areas or peak 
heights for differences in the response of 
the detector and normalizes the corrected 
areas or heights to total 100, thereby 
giving the per cent (mole or weight ac- 
cording to correction factors inserted) of 
each individual component. 
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LaWALL & HARRISSON 


LABORATORY 
SERVICES for the 
FOOD & DRUG INDUSTRIES 
Drug Evaluation, Food Additive Studies, 


Chemical and Biological Assays 
Clinical Studies, Research 


Philodelptio 3. Po Mi 6.4321 


FOOD TECHNOLOGISTS 


An active, confidential service: Interview 
at your convenience. Call, write or wire: 
Gladys Hunting (Consultant) 
Drake Personnel, Inc. 
The Heyworth Building 
Sixth Floor 
29 E. Madison St., Chicago 2, Ill. 


Enzyme Preparations from Calf, Kid Goat and 
Lamb animal glandular sources. 


“an enzyme modified 

for rich, distinctive 

flavor development in milk chocolate and other 
chocolate products. 


Write for samples and literature 


DAIRYLAND FOOD LABORATORIES, INC. 


BOX 406, WAUKESHA, WISCONSIN 
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AVAILABLE: Research and teaching 
position in food science and technol- 
ogy at a leading Eastern university. 
Desire Ph.D. with training in science 
or engineering and some experience 
in industry. Assistant professorship. 
Salary open. REPLY BOX 695, In- 
stitute of Food Technologists, 176 W. 
Adams St., Chicago 3, Ill. 


COMPLETE SERVICE... 

. for the FOOD INDUSTRY! 
Radioactive, Infrared Spectroscopy, Food 
Additive Studies, Bacteriology. Write 
for Price List. 

SCIENTIFIC ASSOCIATES 
3755 Forest Park Avenue 
St. Louis 8, Mo. JE. 1-5922 


FOUNDED 1922 


and 


BB esearch 


Maurice Avenue at 58th Street 
Maspeth 78, New York City 
CABLE: FOODLASS TEL. TWINING 4-0800 


POSITION WANTED: Tech. Sales/ 
Mkt. Development. B.S., 13 years Sales, 
Market Development, Market Research 
and Sales Administration experience. 
Good knowledge food field plus drug, 
cosmetic, detergent, chemical specialties 
and related industries. Interested re- 
sponsible position utilizing this back- 
ground. Employed, available reasonable 
notice. REPLY BOX 694, Institute of 
Food Technologists, 176 W. Adams St., 
Chicago 3, IIL. 


AVAILABLE: Food Technologist, B.S., 
M.B.A.: 11 years of proven experi- 
ence in line management, creative prod- 
uct development and research and qual- 
ity control. Ability to direct new prod- 
uct development, institute cost reduc- 
tion line studies and coordinate consul- 
tative services for industrial, merchan- 
dising and procurement staffs. Excel- 
lent references. REPLY BOX 693, In- 
stitute of Food Technologists, 176 W. 
Adams St., Chicage 3, Ill. 


FOOD CHEMIST available for tech- 
nical supervisory or staff position. 
Three years experience in new product 
concepts, sensory evaluations, report 
writing and speaking. Ph.D., honors, 
and publications. REPLY BOX 692, 
Institute of Food Technologists, 176 
W. Adams St., Chicago 3, IIL 


AVAILABLE: Filavorist, completing 
present assignment, seeks position to 
thoroughly exploit demonstrated abil- 
ity and unusually complete background 
in flavor creation and research. Pre- 
viously demonstrated cooperative and 
aggressive attitude toward sales and 
marketing. Experience can be used to 
maximum advantage to guide a team 
effort in flavor development. REPLY 
BOX 696, Institute of Food Tech- 
nologists, 176 W. Adams St., Chicago 


LABORATORY SERVICES 
for the FOOD, FEED, DRUG and 
CHEMICAL INDUSTRIES 
Analyses, Biological Evaluation, 
Toxicity Studies, Insecticide Testing 
and Screening, Flavor Evaluation. 


Project Research and Consultation 


Write for Price Schedule 
P.O. Box 2217, Madison | 


PROFESSIONAL SERVICES 

Since 1869 Schwarz Laboratories has been 
a leading laboratory and technica! service 
to the food and beverage industries. 
We offer thorough, expert advice on food 
problems of all types, analyses, flavor 
evaluations, product development, and lie- 
gal testimony. Costs are low due to our 
experience and efficient operation and 
equipment. May we send yeu our brochure? 

SCHWARZ LABORATORIES, INC. 
230 Washington St., Mount Vernon, N.Y. 

Phone- MO 4-1100 Cable: Swoknip 


3, I. 


FOOD TECHNOLOGIST B5S., 3 years 
extensive experience in Quality Con- 
trol, Product Development and Tech- 
nical Service desires responsible posi- 
tion in N.J. or metropolitan N.Y. RE- 
PLY BOX 697, Institute of Food Tech- 
nologists, 176 W. Adams St., Chicago 
3, Til. 


CHEMISTS 


New research division has chal- 
lenging openings with unusual 
promotional opportunities for 
chemists experienced in one of 
the following: 


Edible oil Processing 

Salad Products 

Radioisotopes 

Agricultural Research 

Colloid Chemistry 

Emulsions and Stabilizer 

Systems 

Starting salaries from $6,500 to 
$10,000. Send resume to: 


W. P. Walsh 
National Dairy Products Corp. 
Glenview, Ill. 


FOOD TECHNOLOGISTS — BS/MS 
in Food Technology, Horticulture, or 
Agriculture. Experience desirable. As- 
signments in Research and Quality 
Control Department to Process and 
Product Development work on grape 
products. Excellent salary and bene- 
fits. REPLY BOX 698, Institute of 
Food Technologists, 176 W. Adams 
St., Chicago 3, Ill. 


Food Research Organization seeks 
Chemical Engineers with B.S. or M.S. 
degree for work in the following 
fields: 
Chemical determination of fla- 
vor components. 
Developments of new food 
processing methods and products. 
Previous experience in food 
chemistry desirable. Must be 
thoroughly familiar with modern 
laboratory techniques and will 
enjoy working in a smaller but 
expanding Midwestern organiza- 
tion. 
Apply giving qualifications, experi- 
ence and references. BOX 308, FT, 
667 Madison Ave., N.Y. City 21. 
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LONGER SHELF LIFE 
FOR A DOZEN 
PRODUCTS WITH 


SORBISTAT-K 


®@ Protection of a wide variety of foods against 
mold and yeast spoilage is now easier than 
ever. SORBISTAT-K (potassium sorbate, Pfizer) 
is readily soluble in water. You can prepare 
up to 40° solutions for sprays, dips and 
metering. Following is a list of only a dozen 
products out of many where SORBISTAT-K 
works wonders with shelf life! 


» Fruit cocktails « Prepared salads 

» High moisture cake batter «= Pickles 

= Cake fillings and icings « Jams and jellies 

= Fruit pie fillings (non-standardized) 
» Cheeses = Smoked and pickled 
» Fountain fruit syrups fish 

= Chocolate syrups = Wine 


@ Test the ease of use and effective protection of 
new SORBISTAT-K. Send for a free sample and tech- 
nical information. 


NEW IMPROVED SORBISTAT® FOR 
DRY MIX AND OIL SOLUTION 


@ Pfizer now offers SORBISTAT (sorbic acid, 
Pfizer) in an improved form which has an 
extremely low moisture content and improved 
taste characteristics. This new free-flowing 
product dissolves readily in oil and fat media 
or can be mixed easily in dry form with other 
dry food ingredients. 


@ Asa general rule, SORBISTAT-K is the prod- 
uct of choice where water solubility is a factor 
—SORBISTAT where it is not. Whichever form 
suits your product best, when you use proper 
concentrations, you can expect effective inhi- 
bition of mold and yeast growth with little 
or no effect on the taste. Investigate today 
how you can extend the shelf life of your prod- 
ucts with Pfizer SORBISTAT-K or SORBISTAT. 


Quality Ingredients for the Food Industry 


for Over a Century 


Science for the world’s well-being 


Chas. Pfizer & Co., Inc. 
Chemical Sales Division 
630 Flushing Avenue, Brooklyn 6, N. Y. 
Branch Offices: Clifton, N. J.; Chicago, Ill.; 
San Francisco, Calif.; Vernon, Calif.; Atlanta, Ga.; 
Dallas, Tex.; Montreal, Canada 


Bite into a red, real Cherry, to match the taste of 
Norda Cherry. 

its reainess, flavor trueness, come from Norda’s 
old skilis making flavors. These are the notabie 
flavor skilis being developed by constant flavor 
research in your specialized needs and flavor 
requirements. 


Flavor it with a Favorite—from 


on your business letternead 
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